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Abstract 

Ihe west coast sablefish stock is mcdeled in two stages. The first stage is a 
synthesis lllodel sinniltaneausly f i t  to the 
and fixed get, the size and age rrlnposition of these fisheries ccrmponents in 
1986 and 1987, the time series of relative ahr&nce of middle aged sablefish 
asmeasumdbythenorthernandsarthernpat indexes, the recruitment 
infomation in the tri-ermial t r a w l  surveys, and the aploitation rate infonna- 
tion in the tag return data. In addition to  estimating the time series of 
atradan=e and mortality for the sablefish, the lllodel pruvides new insights on 

t ion of grawth. ?he mean total bianass during 1988 was 94,700 m t  an3 the age 
3+ bicaMss was 78,600 mt. Ihe bimass levels at  the kginning of the year were 
107,500 and 89,600 mt, mspectively. ?he total F imposea by a 10,800 mt 
fishery in 1988 w i l l  be 0.15. Plausible, kR less lilcely, alternative mcdels 
that either W i z e  the f i t  t o  the pot survey time series or -ize the 
fit to the age cmpcsition data prcduce 1- estimates of current stock 
abu&nce. 

Series of catch biaanass by trawl 

sablefish growth and of the i n f l m  the saupling process has on ou1: percep- 

zhe second stage of the moaeling process estimates the stock productivity a t  
equilibrium and makes short-term yield forecasts utilizing a dynamic pool mcdel 
a r d  cutprt of the synthesis mcdel. Ihe dynamic pool wdel is drivm by either 
a Eeverton-Holt stock-recmi- fmction or corlstant recrUi.tment. Given the 
early age at recruitmmt to the fishery relative to the age a t  f i r s t  maturity, 
the spawning bicanass is reduced t o  only about 25% of the v i r g h  level, so 
utilization of the B-H recmitment function seems prudept. If a 52:48 
t r a w 1 : f i x e d  gear allocatim is maintained in the future, then the W for this 
stock is 8,200 mt a t  a mean age 3+ bianass of 67,800 mt and a F [ W ]  equal t o  
O . U .  An ABC in 1989 of 9,000 mt is inlicated by applying the F[MSY] t o  the 
current stock stmdure. A t  this exploitation rate& i f  there are no great 
deviations in recmilmxk, the stockwould be near the bicanass y i e l d i n g m  in 
abaut: 20 years and the ABC W d  then be reltuced to about 8200 mt. A t  F = 0.15 
the ABC in 1989 would be 10,400 mt and the ppulation would reach the MSY level 
in abaut 1995. 
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?he fishery for sablefish, $mu laWma fimbria, a l q  the coasts of Waskington, 
Oregon, and California has landed appmximately 13,000 mt per year since 1981. 
~ t s  landed value of approximately $11 million makes it the mst valuable single 
species in the west coast w i s h  fishery. 
ccII[Iposed of 52% by trawlers and 48% by fixed gear (primarily pots and long- 
line). Management of the fishery includes a size l i m i t  of 22 inches totdl 
length (53 an fork-length) aac td  in 3.983, and an annual quota. The quota for 
the 1988 f- Was reduced to 10,000 mt due to 
danger of being over-fished. For the first tire, the 1988 quota was allocated 
to trawl and fixed gear accordirwJ to the recent 52:48 ratio of their landings. 

Ihe annual quota for sablefish, and Mzst other west coast w i s h  species, 
is set on the bask of currmt eqloitable bicmass and the fishing mrtality 
rate at maximnu sust21lMb ' le yield (and Fo ~ 1) . Past analyses have not been able 
to uMmbiguously estimate these two quantxties because of great inadequacies in 
the sablefish database. H e r e  we develop a sqhisticdted d e l  with which to 
integrate infomation f r o m  diverse dah sources and to make synthetic estimates 
of historical abwdane anl mrtality for the west  coast sablefish stock. 

Recent landings have been 

that the stock Was 

If the sablefish database was lengthy, precise, and well-defined we could 
conduct a corrventiondl assessment via cohort analysis. Alternatively, if we 
h a d e  acc-Jurate, precise survey and atxuate estimates of grcrwth and natural 
mortality we could try stock re duct^ 'on analysis, a sinpler, non-age structured 
mcdel. Unfortunately, the sablefish database is scanty and diverse, and none 
of the absenrations measurewhat w e w s t  need to know- the totdl fishable 
biamass. Ihe measured quantities do, however, put constraints on the fishable 
biomass, but to make use of these data o m  assessment nust make -licit 
definition of the relation between what has been measured and what we estimate 
to be in the papulation. 

m e  assessment is a +esis of a separable catch-at-age analysis with two 
types of fisheries (trawl ard fixed) and 2 years of fishery data, and the 
following auxiliary infomation: recruitments in 80, 83, and 86 were abserved 
by the tri-ennial trawl surveys, a t ime series of relative atxlndance of same 
middle age/size range has been abserved by the pot index sunreys, and the time 
series of fishing mortality should be consistent with the pattern of tag 
returns. TIIUS, infomation on the absolute level of abm%nce canes frcim the 
recruimt surveys and natural mrtality, and and fran the tag returns which 
set the magnitude of the qloitation rate. Estimation of the age specific 
pattern of availability to the tri-ennial trawl sunrey, to the northern and 
southern pot surveys, and to the fixed and trawl fisheries is most difficult 
because of the scarcity of age axpsition data and because of the high 
variability in the existing age ccnnposition data. 

Methot (1986, 1988), follcwing Fournier and Ilrchlbdl ' d (1982), developed a model 
in w h i c h  the estimated sampled age ccanposition is smeared by same estimated 
level of ageing error before being ccrmpared to observed age campositions. 'Ihis 
smearing of true ages to observed ages is entirely analagous to the conversion 
of age to length, then conducting the gccdness of fit in terms of length 
compositions. E?ecause of the much greater availability of sablefish length 
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caposition data, we utilize the follawing strategy for its assessment. 
each time period, the estimate of population numbers at age is axivert=d t o  an 
estimate of the popilation 1- ccmposition via an estimated Qrrrwth curve and 
variance in length at age. 
used to calculate the estimated length amposition in each type of sample (e.g. 
t r a w l  survey, pot sunrey, fixed and trawl fishery). Equivalent age-specific 
selectivities pust s t i l l  be calculated in order to calculate agespecific 
fishing- 'ties; -ific selectivities are calculated by weighting 
length-specific. selectivities w i t h  m o n s  of length at age. 
large and small fish at a givm age usually have different selectivities, the 
m ~ t a n  s ize  at age abserved in a particular type of -le will be a biased 
estimate of the pcplation mean size at age. 'Ihe above schema allows calcula- 
t ion of the magnitu3e of the bias and for calculation of the appropriate mean 
size at age. Gocdnes of f i t  to the errtire sablefish d a m  is evaluated by 
calculation of the log likelihood for each type of data, then SLmPRing these 
into an averall log likelihood. ?he pam&ers which define the length- 
specific selectivities and the recruitments are iteratively adjusted to 
Illaximize the averdll log Likelihood function. 

T h e  following sections define the sablefish database, various auxiliary inputs 
to the nrodel, then define the nrodel in more detail. The synthesis model will 
beusedto- * the CUzTent status of the sablefish stock. Model output 
w i l l  be used as input to a dynamic pool mDdel f0rdetmm.m t ion of equilibrium 
and short-tenn yields urder a variety of quota managemmt strategies. 

~n 

Estimates of lergth-specific selectivity are then 

Because 
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- Data 

AreaandTime 

'Ihe region tobemodeled is bolnded on the southbytheU.S.~coborder and 
on the north by the U.S.-caMda border, ard is described as the w e s t  ccast 
(Figure 1). There is l i t t le catch and scant survey dah south of Monterey Bay, 
and even less-catch and datasouth of-Pt..Conception. The specification of the 
nartkrn bmxkyAs-iqorkant because sablefish are akndant throughout this 
region and-the fishery operates near and on both sides of the border. Althcugh 

tagged sablefish have crossed this border, two abservations suggest that 
the intemhange is limited in this area. 
sablefish captured a t  the northernunst pot index site ( N i t i n a t  Canyon) off 
northeInwashincJtan is plllch larger than that of sablefish captured a t  southern 
sites and is mare similar to the large fish f a a d  off British colmbia (Park 
and Shaw, 1988). second, the 1977 yeardlass was extraordinarily abundant off 
Canada (McFarlane and EeamLSh ' , 1983a) and- AlaskanwaterS, but was 
not a t  all exceptianal along the west  ccast according to the age ccnnposition i n  
the 1983 and 1985 pot index w e y s  (Parks and Shaw, 1987). 

?he time series to be analyzed begins in 1970 and extends through 1987. 
Landings during the pericd 1956-1970 (Figure 2) averaged 3512 metric tons ( m t )  
and the west coast stock is assumed to be in equilibrium with this catch level 

First, the size distritxrtion of 

in 1970. MO& types of survey data begin in 1979 but a p 
the analysis. 

r ta the 
northern pot index wa$ conducted in 19711' obsexva %F?s mludd in 

An &mate of the 1988 1ardu-q~ is included to obtain a better 
estimate-of recent trends in fishing mmi ty .  
me mdel is KUXI on an aTlIludL basis using calendar years. 
defined to  occur a t  age 1 on January 1, although these recxuits are barely 
available to the fixed gear fisheries and the pot surveys. 
is inplicitly assumed to be constant throughout the year. 
l y  conducted i n  July - octaber and are assumed here to represent the mean 
alxndance of sablefish within the calendar year. 

ReQuitment is 

Fishing mortal i ty  
Surveys are typical- 

catch 

Landings for the pericd 1956 - 1987 w e r e  categorized by INPFC area and by gear 
type (Lynde 1986; FacFIN data series 1981-1987). The four gear types are 

t r a w l ,  set net landbgs are included in miscellaneaus. 
allocated to the following gear types: Japan to longline, USSR to t r a w l ,  
poland to t r a w l ,  mrea to pot, and other to miscellanecus. 
vancower INPFC area w e r e  processed to delete the Canadian domestic landings 
(FMK areas 3D and 3m). 
vancower INPFC region is unknown, so these other foreign landings are included 
in the total landings for the US. Vancouver region. Landings from al l  w e s t  
coast INPFC regions (Conception - U.S. V a n c o w e r )  w e r e  summed for analysis here 

longline, pot, t r a w l  and miscellaneous. shrirrp, t r a w l  landings are included in 
Foreign landings were 

landings fm the 

T h e  EMFc area for other foreign landings in the 

Ishippen (1972) FTcgress report on sablefish (blackcod) studies by the 
United States National Marine Fisher ies  Semice, 1971-1972. Int. N. Pac. Fish. 
Camm. Docu. Ser i a l  No. 1508. 
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Table 1. landirrgs of sablefish along the California, Oregon, Washirrgton coast. 
Includes catches by f d g n  fishingvessels in this region and catches by mn- 
ornadian foreign vessels tkmghxt the V a n c o w e r  INPR region. Cat& by 
fo+gnvesselswasassignedtoadmmcter~geartype (seetext). Catch 
by- aneaus gear was assigned pmpfionally to fixed and t r a w l  gear 
categories. - year- catches for 1988 were estimated to allow x'unnhg the model forward 

-cxrdaE&- 
Y e a r  I;Line pcrt Trawl Misc %x€d Trawl 

56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 

ll.29 0 
2051 0 
855 0 
U98 0 
1980 0 
U21 0 
1100 0 
931 0 
U41 0 
1018 0 
789 0 
3341 0 
1787 0 
4087 0 
I391 114 
l5ll 193 
3492 355 
1124 863 
2439 3240 
1736 5689 
1219 19725 
1441 4140 
1709 5753 
4187 12333 
1378 3632 
1925 3896 
1626 6494 
1003 5399 
1022 3822 
2753 3637 
3576 2115 
4187 2031 

0 0 

2477 
914 
948 
1273 
1510 
935 
1794 
1053 
922 
1023 
427 
795 
815 
1186 
2395 
2395 
3435 
3791 
3044 
3391 
3553 
3662 
5748 
7252 
3721 
5437 
103.58 
7154 
7933 
7198 
6024 
6463 

0 

7 
1 
0 
1 
0 

482 
163 
157 
299 
493 
474 
372 
365 
432 
41 
138 
37 
28 
l3 
8 
22 
7 

405 
601 
416 
294 
314 
963 
1296 
707 
1470 
32 
0 

U 1  
2051 
855 
U98 
1980 
l384 
1162 
1005 
1519 
1264 
1097 
3641 
2038 
4422 
1521 
1761 
3866 
1997 
5687 
7431 
20962 
5585 
7691 
16939 
5248 
5973 
8259 
6857 
5335 
6722 
6405 
6234 
4800 

2482 
914 
948 
1273 
1510 
1154 
1895 
1136 
1043 
1270 
593 
867 
929 
1283 
2420 
2475 
3453 
3809 
3048 
3393 
3556 
3665 
5924 
7435 
3898 
5579 
10333 
7662 
8738 
7573 
6780 
6479 
5200 



(Table 1). 
longline, pot and t r a w l  gear types. 

A port sampling program initiated i n  1986 provides age and length canposition 
data, by sex, for each major gear type in the west coast sablefish fishery 
(Fgpendix tables 1,2). size canpositions in the longline and pot fisheries are 
similar (Figure 3,4,5) and, i n  preliminary runs of the mdel, their estimated 
selectiviw pattams were similar. Therefore, longline and pot landings, age 
cconposition, and length ampxition were mined into one fixed gear catqozy. 

The few miscellaneous lardings w e r e  allocated proportionally t o  

Trawl Sunrevs 

Euttcm t r a w l  surveys w e r e  condllcted between Monterey Bay and Vancawer Island 
in the 30-200 fathcun depth zone during 1980, 1983, 1986 and in the 50-250 
fathan zone in 1977 (e.g. Coleman, 1986; weinberg et al., 1984). mth- 
specific trends i n  sablefish mean size ampl i ca t e  any attempt to  extrapolate 
these nearshore surveys to an estimate of to ta l  population bicmnass. However, 
analyzing these data as estimates of age 1 recruit abwdane is realistic. 
size frequency distributions for each w e y  irdicate a distinct m d e  a t  38-39 
cm FL (Figure 6); these are the age 1 fish. Age 0 fish seem t o  be about 26 an 
and are Larely taken. When the data f m  a l l  four surveys are cambined and 
stratif ied by 10 fathom depth intervdls (Table 2).the follwing patterns 
emerge. Where the bottcw depth is less than 80 fathoms the catch is nearly 
100% small (<42an, i.e. age 1) sablefish. This s ize  group is nearly non- 
existent i n  tows taken a t  depths greater than 150 fa thas .  
the 40-49 fathom zone is 48 sablefish per tow (N tows = 214), which is the 
greatest catch rate m n g  a l l  the 10 fathom htervals between 30 and 200 
fathcnns. 
(N taws = 168). 
150 fathoms, and that a survey which covers the depth zange 30-200 fathoms 
includes nearly 100% of the age 1 fish, and can be used as a quantitative 
assessment of their abukhme. 
fathcnns so m o t  be used as a ccnnparable survey. Calibration of the 1977 
w e y  is not possible because the -50 fathcun depth zone contained a highly 
variable portion of the total abundance in the other surveys. 

The northern extent of the 1986 survey was the u.S.-Ca~da border, and the 1980 
and 1983 surveys worked further no* to latitude 49'15'. 
survey results w e r e  processed t o  delete samples taken north of the U.S.-Canada 
border. ?he southern extent of all w e y s  was w y  Bay. Ihe bottom area 
between Monterey Bay, the U.S.-Canada border, and the 30 and 200 fathom 
isobaths is approximtely 11600 nm . 
results southward. Ektmpolation to Pt. Conceptian would the area t o  
about 12350 nm , a 6.5% increase. pxtrapolation to the U.S.-Mexim border 
would increase the area to 14550 nm , a 25% increase. 
requires the assumption that the density of sablefish in  the 30-200 fathom 
depth zone is the same north and south of Monterey Bay. N o  extraplation was 
made in the preliminary andlysis and, in the final analysis, the t r a w l  SUrJey 
abtmdanes w e r e  extrapolated to  Pt. Conception. 

The synthesis mcdel separately d e s  the total  nunkers observed in the 
Suzvey, the males' size camposition, & the females' s i z e  camposition. 
population nmkers  (Table 3) were taken directly from the output of the RACE 

The 

The mean catch in 

The mean catch in the 30-39 fathan zone is only 2 sablefish per taw 
W e  conclude that M)5t age 1 sablefish are found between 40 and 

The 1977 survey did not work nearshore of 50 

The 1980 and 1983 

One may consider extrapolating the survey 

Any extrapolation 

Total 
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Table 2. N is the total 
~r;rmber of t r a w l s  in the f a r  surveys (1977, 1980, 1983, and 1986); % zero is 
tne percentage w i t h  no sablefish; Ihe statistics on nunber of sablefish are 
sinply based an number per tcrw; for the categories u n c k  % <42an, N is the 
rnnaber of tows for which the nunber of measured sablefish was at least 5 and, 
for these tows, % is the percentage of the measured sablefish which were less 
than 42 an fork length. 

Statistics on depth distritxltion in trawl surveys. 

9YaWl.S Number of sablefish % c42 cm 

Bpth N %zero Mean S.D. Median Max N % 

30-39 168 74% 
40- 214 59 
50- 289 54 
60- 312 40 
70- 262 34 
80- 184 30 
90- 136 17 
100- 101 6 
110- 115 18 
120- 87 26 
l30- 53 38 
140- 49 27 
150- 51 12 
160- 50 16 
170- 55 22 
180- 52 33 
190- 24 21 
200- 20 I 
210- 21 I 
220- 28 I 
230- 29 17 
240- 22 I 
250- 7 I 

2 17 
48 408 
l5 69 
25 152 
27 183 
26 202 
27 88 
19 37 
18 50 
16 48 
16 41 
24 100 
17 30 
18 30 
25 78 
16 30 
10 10 
17 32 
1 1 1 3  
8 9  
8 10 
8 9  
18 37 

0 
0 
0 
1 
2 
3 
5 
7 
4 
3 
3 
5 
7 
5 
6 
2 
8 
5 
5 
6 
4 
5 
7 

217 
4473 
740 
1892 
2332 
2731 
752 
248 
468 
379 
266 
699 
172 
3.53 
555 
143 
40 
141 
45 
42 
38 
30 
101 

4 
12 
31 
43 
36 
31 
30 
26 
26 
19 
l3 
ll 
15 
17 
18 
11 
6 
6 
6 
7 
9 
9 
2 

100% 
88 
71 
65 
46 
32 
26 
22 
18 
17 
11 
6 
12 
0 
2 
5 
1 
1 
0 
4 
4 
5 
8 
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Table 3. 
thrxlsands of fish. pot values are in fish per pot. The cv for the small fish 
cclmponent of the trawl survey is assumed to be the same as the calculated cv 
for the entire s ize  range, h t  these small  fish cv values w i l l  have no effect 
onthemodel. 

survey abservations of sablefish abrtndance. Trawl values are in 

Tri-enru 'al Trawl__ 
Y e a r  <42 A l l  Npot Spot 

value cv 
71 - 
73 - 
74 - 
75 - 
76 - 
77 - 
78 - 
79 - 
80 32253 .461 
81 - 
82 - 
83 16875 .368 
84 - 
85 - 
86 19267 .264 
87 - 

72 - 

50158 - - 
38097 - - 
28973 

cv value cv 
10.30 .245 

- - 
ll.40 .316 

.461 6.80 .I24 
4.80 .200 

.368 10.60 .092 

7.40 .I33 

2.80 .189 

- 
I 

- .264 
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BIOMASS program. 
from this output because they do not include the substantial numbers of small 
unsexed fish. Instead the estima- s i z e  ccmpcsition for ccmobined sexes was 
sp l i t  into a mdle and f&e amponat (Figure 7) based on the estimated sex 
ratio w i t h i n  each lergth categoxy. 

Ihe selectivity function which defines the relation between the true population 
and the poplation surveyed by the nearshore t r a w l  survey should be strongly 
peaked at-the s i ze  --which represents age 1 sablefish. It is e x p e t e d  that 
the model w i l l  be able to U t e  the shap of this function frm the s i z e  
distribution data in these 3 surveys. The model treats the total survey 
nurbers as a quantitative estimate of the abw3anc.e of a subset of the popula- 
tion; that subset 
preliminary runs of the model disclosed an ambiguity in this definition: 
model could imprave the f i t  to the abserved total w e y  numbers by either 
adjusting the estimated rannbers of fish in the population, or  by adjusting the 
selectivity function that defined the proportion of each size that contributed 
to the totdl survey rnrmbers (subject to the constraint that a t  least one size 
category had selectivity equal to 1.0). If the model took the latter approach, 
it d d  degrade the f i t  to the survey s ize  annpsitions. Thus, the relative 
-is placed on f i t t ing the sunrey abundances and the survey size compsi- 
tions became critical. 
alleviate this problem. A fixed subset of the t r a w l  w e y ,  those sablefish 
<42 an, were defined to be 100% available to the survey. 'Ihis s i z e  grovp 
includes nearly a l l  of the age 1 fish and few fish of other ages. The model 
then includes two versions of the t r a w l  suzvey nmkers (Figure 8). 
t r a w l  sun?ey (all) ,  includes the entire s ize  range, is not considered quantita- 
tive, and a sizespecific selectivity function is estimated. Ihe second, trawl 
survey (small), includes only the <42 cm s i z e  range, is considered quantita- 
tive, and all s i z e s  less than 42 an are defined to be fully available. 

pot Survevs 

In  the Oregon+?ashiqtm region, surveys occurred i n  1979, 80, 81, 83, 85 and 
1987 (Table 3, Figure 9). Each sampled the standard depths: 150, 225, 300, 
375, ard 450 fathoms. Extra depths -led in la ter  years tend to catch larger 
fish and have not been included in  the standard index (parks and shaw, 1988). 
Only catches fropn the fixst two sets a t  each site w e r e  included in the index. 
'me sampling gear was changed in 1985 frow -ar traps to conical trap. 
Ihe conical trap are more efficient, and the historicdl catches from rectan- 
gular traps have been adjusted upwards by a msaswed calibration factor of 
1.408 (Parks and Shaw, 1987). The gear type had no effect on the s i z e  cmposi- 
tion of the catch. Also in 1985 the n& of sltes w a s  increases from 4 to 8. 
The mean index w a s  relatively unaffected (7.6 for old sites and 7.3 for new 
sites i n  1985, 3.1 and 2.5 in 1987). 

sites that eventually were included in the northern pot 
(n33aqular trap) and depths (150-450 fathom) were identicdl to that used in 
1979. 

In the Cdlifomia - southern Oregon region, surveys occurred i n  1984 and 1986 
with 9 sites occupied in each year. 
Tixis is 75 fathoms deeper than the northern %ex depth range so we expect to 

Male ard f d e  s ize  ccnnpositions could not be used directly 

defined by the estimated selectivity function. 
the 

W e  adapted the following alternative approach t o  

The f i r s t ,  

In 1971 a precursor to the northern pot index w a s  conducted a t  3 of the 

W e  consider this cruise to be a valid northern pot index obsenmtion. 

me gear 

The depth range is 225 - 525 fathoms. 
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TRIENNIAL TRAWL SURVEY 
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Figure 7 .  
by catch rates. 
to 80 an, ard by 10 cm to 100 cn. 

osrdensed s i z e  frequencies in the t r a w l  surveys by sex ard weigh- 
Size categories are 32-35 a, then by 2 an to 60 an, by 4 an 
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TRI-ENNIAL TRAWL TIME SERIES 
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POT INDEX TIME SERIES 
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abservefewersnallfishinthescuthindexarea. However,thistendencymay 
be cam- by the tendency for laqer/older fish to be more CcBRMn in the 
north. Separate selectivity functions w i l l  be estimated for the northem and - pot surveys- 

Var iance  estimates for recent pot index sumeys have been calculated under the 
assmption of fixed site effects (Parks and Shawl 1988). Because these 

a site analyses do not sinniltanemsly analyze a l l  survey years (thus obtammg 
effect averaged over all years) I and because earlier work (Kinnua and Balsiger, 
1985) de- appropriate sample size on the basis of randcm site effects, 
rn have recalculated the survey variances. Here  we calculate a standard error 
for each survey frm the standard deviation of the individual site values 
w i t h i n  each year (Table 3).  These values are typically larger than those 
calculated fmm the fixed effect model. 

. .  

All sablefish captured in the pot surveys are measured to determine the total 
size ccqxsition, a randan sample is ewmiraed for sex, length, and age, and 
many are tagged and released. The size caposition by sex f m  each &an 
sample should be weighted by the total 1 Captured a t  that site/depth. 
Alternatively, we enploy the s a ~ 3  approach as tha t  used to process the t r a w l  
size  cawpositions. 
sex ratio in each size categoq. !these measured sex ratios are then used t o  
split the total size aaqosi t ion into male and f a a l e  ccmpoonents based on the 
measured sex ratio in each length c a w o q .  
each sex (pgpendix Wle 2) is then scaled so that it totals t o  the number of 
fish abserved for that sex in the randan samples. 

Age cawposition data is available fmm the randan samples for the 1983 and 1985 
horthern pot index surveys. The age-length key for each sex i n  ea& survey was 
ccanpressed into the length categories defined below, ages 15-19 were ccpnbined, 
and ages 20+ were ccpnbined. ?he revised length cawpositions defined above were  
then mltiplied by the key to obtain new estimates of the -le 
age ccanpositim ( - E  
Acre and Lemth cateaories 

Iength ccwpositions f rom a l l  surveys and fisheries were ampressed into 2 1  
categories defined by the follawing 1- and upper bounds of fork length: 

The randcm sample data are pooled and used to calculate the 

?he length caposition vector for 

' 

L 0 32 36 38 40 42 44 46 48 50 52 54 56 58 60 64 68 72 76 80 90 
U 3 1 3 5  37 39 4 1 4 3  45 47 49 5 1 5 3  55 57 59 63 67 7 1 7 5  79 89 100 

Age ampsi t ions fmm all surveys and fisheries were a m p r e s s e d  into the 
following categories : 

1 2  3 4 5 6 7 8 9 0 11 12 13 14 15-19 2O-t. 

The lwer and upper tail of each s ize  and age distribution was further cam- 
pressed so that the f i r s t  non-zero value had a t  least 5 observed fish. 
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Tau R e c a m  

Sablefish have been tagged and released on the west coast beginning in about 
1971 w i t h  a large release of taggd fish in 1972 (Shaw, 1984). The rate a t  
which these tags have been returned contains infomation on the fishing 
mortality rate. Here we utilize anly those tag returns fman fish which w e r e  
greater than 52.9 an a t  the time of release, because preliminary analyses 
( W i l l i a m  Lenan, SWFC Tibumn, CA) Mate a reduced return rate for tags 
released on snaller fish. m y  returns fman the west coast fishing zone, as 
defined above, are included ("able 4) .  Returns frcnn 1976 and earlier are 
excluded because of the low reprtjng rate by the large foreign fishery i n  
1976. Releases from the years 1971-1976 w e r e  grcuped into one aggregate 
release year. ?he mcdel analyzes these data by exmnini~~~~, for each release 
year, the percentage of tags that were retuned in ea& subsequent y y .  Thus, 
initial tag loss and initial taggitq mortality are unkprtant, even i f  they 
vary fman year to year. The level of reporting also is unimportant, but it is 
assumedtobecanstant. ~ t e n n t a g l o s s i s i m p o r t a n t , a n d i s a s s u m e d t o b e  
0.10 per year. Sensitivity to this value w i l l  be investigated. 

-Inplt 

Natural Mortality 

The mst appropriate value for naturdl mortality should account for emigration 
from the U.S. zone and f m  the depth strata which is fished and suzveyed, 
because an older fish which is not Milnerable t o  the fishexy is effectively 
dead. The level of naturdl mortality is critical because it, more than any 
other factor, de- whether the observed rnrmbers of recruits in the tri- 
ennial surveys can supply adequate population rnrmbers a t  age to support the 
abserved fisheries. Also, the relative selectivity of older fish is nearly 
inextricable fram the estimate of ~ t u r a l  mortality, i.e. the reduced occur- 
rence of larger/older fish can be due to death, migration, or  gear avoidance. 
W e  can try various levels of MM rmrtality to see which yields the m o s t  
believable estimates of selectivity. !the Toaxinarm longeviw of fish obsenred in  
Canada, 55 years, scbggests that M is about 0.08 ( H d g ,  1983). The & 
age for fish from the 1987 port samplbq program ranged fram 35 to 47 among the 
various otolith readers, Yielding M estirrates of 0.10 to 0.13. 
which includes emigxation, for sablefish in  the Us west coast zone probably is 
in the range 0.10 - 0.20. 
(unpublished data) during octaber 1987 indicated that M = 0.1 results in an 
aburrbnt current stcclc which is inconsistent w i t h  the decline in the survey 
abservations and which Contains a laqe number of older fish. A t  W . 2  the 
population wculd have barely been able to support the last  decade of harvests 
unless the lev& of d t m e n t  has been greater than the approximately 20 
million age 1 fish abserved in the 1980, 1983, and 1986 tri-ennial t r a w l  
w e y s .  
can be easily changd. 
explored. 

The aburidance of predators encountered by juvenile sablefish on the continental 
shelf must be greater than t h a t  encountered by adults on the slope. 
consider it likely that juvenile sablefish have a greater na-1 mortality as 

Effective M, 

Dynamic pool models -lored by Lenan and Methot 

N & J z - ~ ~  morklity is h r p o z a t e d  as a parameter so that its value 
In i t ia l  runs w i l l  use M = 0.15 and alternatives w i l l  be 

We 
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Table 4. Returns of tags released in the U.S. fishery zone on fish >52.9 an 
in length, and recaptured in the U.S. fishery zone. 

Release 
Y- 

Returns in year: 
77 7a 79 a0 ai a2 a3 a4 a5 a6 a7 

71 - 76 
77 
78 
79 
a0 
ai 
a2 

a4 
a5 

83 

a6 

30 3a a5 .i6 22 32 21 7 6 3 4 

26 26 20 10 9 10 2 4 
121 104 137 26 27 32 10 

23 7 6 10 3 
5 5 2 2  

57 27 a 16 16 4 

54 
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a amyueye of this differential distribution. 
extra -~w&e mrta l i ty  with the following fonnulation: 

W e  include 

where: Ml is the naturdL mrtal i ty  of older fish, set a t  

the possibility of 

0.15 in mst m. 

M2 is the extra juvenile mortality. 'his parameter was set to 0.0 for 
the preliminary runs, then was estimated in the final runs. 

Ihegrowthrmdel-dbe- * bytwstrongabservations. One is the 
large maximum size, b, of females (abart 100 an) and the other is the mean 
size a t  age 1 , i n  the late smm?early autumn (38.4 an) (Table 5, Figure 

points because these samples are length-selective. By 
6). c;rerwth 
two- 
undersamplhg the small f ish they weresthate mean s i z e  a t  age of young fish, 
thus- * tethegrcrwthrateoftheseyamgfish.  Bymdersmplingthe 
largest fish found in deeper water, growth models f i t  to these data may 
underestimate b. V a r i c u s  Lm estimates are: 

A s  based on fishery or pot survey samples tend to miss these . .  

author male femdle 

Kl& 1986 71 83 
Mlsarlane L Bsmlsh ' 1983b 66 79 
parks & Shaw 1987 

1983 pot m e y  58 68 
1985 pot m e y  68 80 

Fujiwara and Hankin 1988 -60 -80 

- I_ 

we used these values as guidance i n  selecting values for L for the preliminary 
nms. Then in the f ina lmode l runsused themode l i t s e l f to f ind theL  values 
which provided the best f i t .  

1- a t  age 1 is facilitated by recasting the Inclusion of the am&mmng 
von Bertalanffy growth equation in tenns of 4 instead of To: 

. .  

note: To = 1 + [h(l - %/Lm)]/K. 
Given the above grc%Jth model and estimates of 4 and L , K can be estimated 
from the s ize  a t  any in- 'ate age. The pot surveys w i l l  be shown t o  have 
maxinun selectivity a t  about age 5, so the mean s i z e  a t  age 5, 5, in the pot 
surveys of 1983 and 1985 w i l l  be used to calculate K. Preliminary model runs 
indicated a small bias (explained below) in the mean s i z e  a t  age 5 in the pot 
surveys (0.4 an for d e s  and 0.2 an for females). 
into account when selecting the best 5 for the final model runs. 

A normal distribution of size a t  age is assumed, and the coefficient of 
variation is assumed t o  increase linearly w i t h  age. 
distributions was estimated from the size distributions in the t r a w l  surveys. 

These biases w e r e  taken 

V a r i a n c e  of the age 1 
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Table 5. Size distritmtior~~ of sablefish in neashore trawl surveys. only 
sizes pertinent to definition of the size distribution at age 1 am presented. 
ple age 1 size distribution was detenavKd * by inspction of the total size 
distribution. Ple upper tail of the age 1 distribution was assumed to be a 
mirmr imge of the better defhd  lower tail. 

1977 
Wage1 

Size - 
23 QP 
24 
25 
26 1 0 
27 1 0 
28 3 0 
29 6 0 
30 5 0 
31 2 0 
32 1 1 
33 2 2 
34 9 9 
35 36 36 
36 42 42 
37 60 60 
38 96 96 
39 101 101 
40 100 100 
41 68 68 
42 39 39 
43 46 36 
44 44 9 
45 60 2 
46 78 1 
47 101 0 
48 112 0 
49 112 0 

1980 
All ag@ 1 

1983 
A l l  age 1 

2 2  
1 2 1 2  
24 24 
53 53 

103 103 
131 131 
165 165 
159 159 
ll5 115 
6 8 6 8  
49 49 
37 24 
37 12 
49 2 
97 0 

106 0 
1 5 4 0  
159 0 

4 0  
4 0  
8 0  

18 0 
1 5 0  
18 0 
6 0  
4 0  
4 4  

22 22 
60 60 

128 128 
216 216 
249 249 
297 297 
253 253 
237 237 
192 128 
180 60 
250 22 
291 4 
345 0 
404 0 
373 0 
362 0 
298 0 
273 0 

1 0  
l 3 0  
18 0 
22 0 
9 0  
3 0  
1 0  
2 0  
1 1  
7 7  

27 27 
69 69 

203 203 
305 305 
402 402 
439 439 
458 458 
436 436 
376 376 
311 311 
222 203 
157 69 
182 27 
162 7 
162 1 
117 0 
132 0 

5 
32 

101 
230 
508 
699 
890 
953 
955 

572 
421 
267 
90 
31 
8 
1 
0 
0 

n 9  

Total 602 919 1680 3341 6542 
mean 39.02 38.36 37.03 38.99 38.40 
Std-dev. 2.34 2.29 2.17 2.58 2.58 
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Variance of size a t  age 20 was estimated fran size a t  age data in the 1986 and 
1987 fisheries. 

We utilize the following growth parameters (Figure 10):  

coefficient of variation 
To a t  age 1 a t  age 20 

MAm: 38.4 52.3 70.0 . i45 -4.489 .068 .0902 
-: 38.4 57.3 85.0 e l 3 0  -3.622 -068 .1452 

4 % L m K  

preliminary: 

Findl: 
MALE: 38.4 52.0 64.5 .184 -3.916 .068 .0902 
-: 38.4 56.2 77.5 .l52 -3.505 .068 .1452 

'he length - weight r e l a t i e p  used here is taken fran the pot survey 
a&ucted off California and oregan in 1986: 

3.364 W()pg) = .00000233*L(au) 

There is no apparent difference in this relatio 
(-ips and ~nanura, 19%; Ftqjiwara 

N3turitv and Fecunditv 

-e mature is assumed t o  fo l lm a lcgiStic function of length (Figure 
11). The lerrgth at  50% mature %ms estimated by McDevitt (1987) fran data in 
Phillips and lbamara (1954) to  be appmximtely 67 an. Masan et al. (1983) 
estimated, frun data collected off Varxcwer  Island in  1980, that the s i z e  a t  
50% mature was 58.3 an. parks and Shaw (1983) estimated the s ize  t o  be 56.3 cm 
off central California. (m, -1. data) estimated that the value 
was abaut 59 an off central California in 1987. Here we describe percentage 
mature as: 

p between males and females 
 ank kin % mem, 1986). 

1.0 

1 -a = (1.0 + e (-.2491*(La-58.3)) 

Here we use the same Bevertan-fiolt formulation (Figure 12) that has been used 
inather~coastassessnents: 

2/characteristics of blackcod captured off Eureka, California by vessels 
belonging to the Fishermen 's Marketing Association, July 1983 - August 1984. 
report &tted to the Fishermen Is Marketing Assoc. by Shunji Fujiwara and 
avid Hankin, Dec. 1984. 

A 
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SABLEFISH GROWTH 
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Figure 10. c;rowth curves far malt3 ard f d e  sablefish using the preliminary 
and final paranreter --. 
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SABLEFISH MATURITY 
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Figure ll. percentage mature for female sablefish. 

SABLEFISH STOCK-RECRUITMENT 
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Figure 12. Spawner-recruitrwlt relationship w i t h  DD=O. 889. 
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SPB / VSFB 
RECRmT= vR* 

( 1 - DD*(l-(spB/Vsm 1 1 

T h e  density-dep&erce factor (DD) is set a t  0.889 so that &bent is 90% 
of v h y h  d t m e n t  (VR) w h m  s p w n i n g  biawass (SPE3) is 50% of virgin 
spawning biarrass (VSPB). 
age, weight a t  age and percentage ma- a t  age. V i r g i n  spawning bianass is 
calculated frcmn the virgin ag- which is calculated f m  the paramet- 
ers which define virgin recxuitmsnt and ~tural mortdlity. 

Spawning bicnnass is calculated frcan female numbers a t  

Weina Error 

Anrnili in the otoliths of sablefish are difficult to interpret unambiguously, 
even by the break-and-hrn technique. Agmment amng readers is l c w  relative 
to the agreement attained for otoliths of other species. Here  we assume that 
the assigned ages are unbiased estimates of true age, txrt that there is 
substarrtidl variability in the assigned ages. ?he inpact of this variability 
istoaiminish the apparent importance of abunhnt year classes and, especial- 
ly, to enhance the apparerrt In early versions 
of the model, we specified the level of ageing error as a linear function of 
true age. Whcm the parameters of this function were f i t  w i t h i n  the sablefish 
synthesis model, the estimated level of ageing error was similar to that 
e s t i m a t e d f r c n n t h e ~ b e i x e e n r e a d e r s .  Inthefinalmodelrunswe 
specified the standard deviation of observed age f m  the non-linear reader 
agreement function (Figure 13) f i t  to the 1986 fishery samples: 

of p r  year classes. 

A 

.223*A + 4.345 
std.dev.a = 

W e  assume a n o d  distribution of assigned age for each true age, and generate 
a transition matrix, A'@A, which defines the distribution of observed age a t  
each true age. 

Raw1 D i s c a r d  

D i s c a r d  of sablefish may occur because of poor market conditions, small s ize ,  
or closed seasons. 
discad in the t r a w l  fishery due to suall size. 
die after being captured i n  a t r a w l  and discarded , and that small fish dis- 
carded from a pot or longline w i l l  survive. 
tions w i l l  tend to cancel each other. 
were obtained from two soufces. 
Eureka t r a w l  fishery in 1983 and 1984. 
captured w a s  36 an, the smallest size retained w a s  40 an, and 100% retention 
occuzred a t  46 an. 
retention a t  42.8 an and a slope of 1.092 (Figure 14). PiJcitch (unpublished 
data) placed obsewers on board damestic fishing vessels t o  document levels of 
b y e t c h  in 1986 and 1987. Information collected by these observers can also 
be used to calculate the length-specific fraction retained for sablefish. The 
smdllest observed sablefish was 27 an, the smallest retained sablefish was 35 
an, and an -tote of 89.5% retained occurred a t  4 8  cm. MS than 100% 

Here we attempt to incorpOrate one of these factors - 
W e  assume that 611 d l  fish 

Inaccuracies i n  these two assrrmp- 
Length-specific data on t r a w l  discads 

obtained data from the Fujiwara and 
They found that the snrallest size 

A logistic function f i t  to their data indicates 50% 
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STANDARD DEVIATION OF AGE DETERMINATION 
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Figure 14. Retention of small fish by the t r a w l  fishery. Ihe 1984 data are 
fm Fujiwara ard Hankin (1984) ard the 1987 data are f m  Pikit& (pers.canrm). 
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r e w o n  of the larger fish is due prinrarily to discan% which occurred after 
the close of the season in 1987. The values of m g e  retained W e r e  
divided by 0.895 to estimate the level of discard due solely to mall size. A 
lcgistic function f i t  to these adjusted valu@s indicates 50% retentl 'on a t  40.1 
can w i t h  a slope of 0.526. Bath retention functions w i l l  be investigated in the 
wdel and final model LUM w i l l  utilize the average of the tCJ0 functions. 

Y ' Y e  
t =typeoffisheryarsurvey 
a = txue age 
a '  = category of abserved age, sensitive to ageing enmr 
1 = categoqof length 
s 'sex 

. .  VliLnerabilitv. ca-tv. A- 

we note our use of the terms vulnerability, availability, selectivity, and 
catchability. vulnerability means that fraction of the stock that has s~lme 
positive probability of being capturd. If ~ a m e  fish were not vulraerable, then 
infinite effort d d  not ca- them. vwnerability may be age-specific, and 
i f  vuherability is less than 1.0 for same age, thm that age fa i l s  to meet the 
assuption of hopnogeneity. -milky is the fraction of the vulnerable 
stock that is captured by one unit of effort. Instead of defining catchability 
as bejng age-specific, we define catchability relative to the mst available 
age and introduce an age-qecific wailability which modifies catchability for 
the other ages. Therefore, availability is 1.0 for a t  least one age and less 
than or equal to 1.0 for a l l  other ages. We treat  selectivity as syno- 
w i t h  availability, or a t  least irdigtinjuFshable for it. A v a i l a b i l i t y  (selec- tiviw) is an amalgam of gear avoidance, mesh retention, taxgetixq behavior by 
fishenaen , and gecgraphic he-ty i n  the d i s t r W o n  of fishermen 
relative to  that of ea& age grarp. 
are fully vulnerable to the fisheries and to the surveys, h t  that xme ages 
have much 1- availability (selectivity) than other ages. 'Ihe consequence of 
this definition is that i f  effort was infinite, then an entire age group d d  
be captured as long as it had m z e m  availability. Ihe distinction between 
vulnerability and availability is a trivial issue, howeva, a t  low levels of 
fishing mortality. 

Model definition 

For sinplicity, we define that a l l  ages 

The basic equatims w h i c h  define the dynamics of a hanog~eous poplation 
follow: 

Recruitmnt a t  age 1 is: 
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where: R i s r e c r u i t m e n t  
N is numbers a t  age 

Nunbers a t  age are: 

and for the maxirmpD, acamaiLator age: 

where: Zistotalmortdl i ty  

where: MisnaturdLnrortdlity 
F is fishingnrortdlity 

catch a t  age for the Tth fishery is: 

Catch  biaoass for the Tth fishery is: 

(=B Yt = E a  [CYat * WYaiI 
where: w is body weight 

Mmrbers a t  age available to the Tth type of survey, condllcted near the middle 
of the year are equal to: 

where: is selectivilqr a t  age 

Q is a scaling factor (catchability coefficient) defined as the 
rat io of the SUUI of the abserved sur~ey abundances to the sum of tile 
estimatedsurveya€Ju&ms. 

The expe&ed value for the Tth type of survey is: 

SB*= * 'a ['yat* 'yatJ i f  measured in bianass 

ifmeasuredinnumbers sNyt= % *  a ['yat] 
Here we make the follminq simplifications to reduce the nurrker of parameters 
ard to impose a well-defimd pattern on the solution. 
anilability and ~tural mrtality vary with age, but are invariant c ~ e r  time. 

Basically we assume that 
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st = 

where: VAat = 1.0 for a t  least 1 age, and is -< 1.0 in all other ages 

\ = Ma 

Fyat = * 
E is the fishirq mortality rate for the Ioost available age. 
proportianal to fishery effort by a catchability coefficient, Q. 

E should be 

!the above equations are sufficient to describe the dynamics of a fished 
poplation. 
full fishing mrtali ty,  E; and selectivity, VA, to calculate the full time 
series of F, Z, C, and N. 
sablefish, we cannot direclly u t i l i ze  these estimates of rarmbers a t  age to  
detemine howwell  the model's estimates match abservatians fran the surveys 
and fisheries. We also cannot directly estimate the age-specific selectivity 
vectors. 
estimation of the selectivity vectors and for de- goodness-of-fit. 
Because of sex-specific differences in  gmwth, we intrcduce an additional 
subscript, s, for sex. 

Esrpectea rarmbers a t  length in the population: 

One needs d y  supply estimates of the vectors of recruitment, R; 

Because of the d t y  of age aaqxsition data for 

Instead, the mcdel is cast primarily in terms of size catposition for 

mmEN = 
Y l S  

where: U A  is the distribution of length a t  age calculated from the growth 
curve and the linear increase in cv length a t  age 

Esrpectea numbers a t  length i n  the sanple of type T: 

ytls = ss * E0PI.m 
Y l S  

SAMPLEN 

where: L is sizespecific selectivity 

Nate that this length-based definition replaces the age-based defmtim abave. 

Mailat ion of fishing m o r t a l i t y  
selectivity into agespecific select~vity: 

conversion of length-specific 

B-31 



&cause of low precision in age determination, C is not the best estimate of 
the expcted age c a p s i t i o n  for the fishery sanples. Instead, C nust be 
swxired by the estimated error in age detemimtion: 

Where A'@A is the ageing error matrix defined abave. 

Also, the ahserved weight at age for each type of survey or  fishery deprzk on 
the pattern of length-specific selectivity. Especially, the fisheries tend to 
select only the larger individuals of the younger ages. These adjusted weights 
a t  age are needed t o  calculate the eqected catch bicanass: 

Selectivity 

Sizespecific selectivity by each fishery and each type of survey is defined by 
a 3 parameter function Of length: 

(L - q 
( (GPlt)  1 =a 1 
( [ (P2t-Plt) 1 1 

%Is= 

( I + [  'I 1 

P1 defines the length a t  f i r s t  availability. 
selectivity increases. F3 influences the peakedness of the function. Ihe 
function is scaled so that the lengthwithmaxinnnn selectivity has a selec- 
tivity value of 1.0. Selectivity a t  lengths less than P1 and greater than 30 
an were given a small positive value by first calculating the selectivity a t  a 
length 5% greater than p1 then defining selectivity to incrrease linearly frum 
0.0 a t  30 QP to this calculated value a t  1.05 * P1. 

P2 influences the rate a t  which 

Initially, we assumed that males and females have the same length-specific 
selectivity and different age-specific selectivities because of their different 
s i zes  a t  age. H a e v e r ,  a better f i t  was consistently abtained i f  the males had 
a larger value for the B parameter, thus decreasirg their selectivity a t  
larger s i zes  and old ages. A single parameter was used to mimic this pattern: 

me = mt + P4 * (2-s)  

where : -1 for males and -2 for females. 

Parameters of the selectivity function for each of the types of -1s were 
estimated by the model. 
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j;ikelihOOdS 

With the above equations we can calculate the goodness-of-fit between the model 
and the diverse data available for sablefish. We define this --of-fit 
i n m o f  loglikelihccd, L. l m i s p t t s t h e f i t t o e a c h t y p e o f d a t a o n t h e  
same pmbabilistic basis so that tAey can lmre easily be canbined into an 
averall assessment of the total goodness-of-fit. 

Foreachtypeofsurveyabrndaneeweassumealcgnomalermr, andweap 
proDLimate the lcgnomal standard exmr of ea& survey estimate by the coeffi- 
cient of variation calculated for that survey. 
given absenmtion is: 

'Ihe lcgnonnal. deviation of a 

m* = log( -p$t '  

?he log likelihood of this deviation is (igmrig a canstant): 

where: 

For &a& survey and fishery age or length canposition, we assume a miltinmidl 
error stsltcture to define the log likelihood of that sample: 

OSN is the ohserved survey value 
se is the suzveyk coefficient of variation 

%= 
where: K is the minimnu of 400 and the actual number of fish in  the y t  

saqle. 
(1982) and Methot (1986) and prevents lamp samples fman dcwiMthg 
the result. 

T h i s  maxinarm of 400 on K follows Fournier and Archlbdl * d  

is the abserved proportian a t  age in the yt sample 

for fishery q l e s  and the S 

pYat 

pk ated froan the C 
samples a the a g a r  matrix,  AI@A, wfiich d e f d  distribution 
of age assignments. 
tions. 

is the estimated praportian a t  age in the yt -le. It is 
for survey 

It is the SAMPAGE froan above converted t o  propor- 

similarly for size cwpositions: 

4.t' 
where the p' 

proportion of tags returned i n  each year. 

A n  extra cmpnent to the overall likelihood function is defined t o  force the 
mean of the trawl survey (small) fish to be estimated correctly. 
ponent is calculated fram the ratio of the sum of the observed amdames t o  
the sum of the expected abundaxes, q: 

are calculated fram the sa". Y l t  
miltinomial error structure is also used to measure the f i t  to the 

' Ihis com- 
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Outline of model calculations 

a. Recalculate the length at age matrix, @A, for each sex if estimated 
growth parameters or variance have changed. 
b. Recalculate the agehq error matrix, A l a ,  if estimated ageing error 
parameters have changed. 
c. Rsalculate the length-specific selectivities, VL, if any of the pertinent 
parameters have changed. 

i. then recalculate the &valent agespecific selectivities, Vi%, as 
the m?an of the VL weighted by the distribution of length at age, @A. 

ii. recalculate the apected man body weight at age for each -le 
type, W@A, fran the POpiLatian length at age distribution, L@A, the bcdy 
weight at length equation, and the length specific selectivities, VL. 

d. 
calculate the virgin age amposition and virgin spawning biomass for use in 
the stock-recruitrent relationship. 
fishery and iteratively calculate the fisking mortality which praiuces an 
equilibrium yield of 3512 mt. 
1970. 

U s e  the current estimate of natural mrtality and virgin recruitment to 

Then assume knife-edge recruitment to the 

lmis equilibrium state is the starting point in 

For ~ach  subseauent Y ear 

Note that dll Of helm - for each sex. 
a. 
accumulate in the age 2(H category. 

b. 

Gmduate the survivors f m  last year into the next age category; except 

Get the age 1 yearclass abmfhce in one of two ways: 

i. Use the stcck-recruitment relationship and last year's spawning 
biomass. 

ii. 
for that year. 
by the mdel. 
follcrwed by an adequate amount of age and length data. 
recruitments for the 1977 throvFpl 1985 yearclasses. Earlier and later 
yearclasses will be calculated from the stcck-recruitment relationship. 

Assume that age-specific fishing mortality by each type of fishery is the 

Use the mean recruitment level multiplid by a recruitment factor 
These recruitment factors are parameters to be estimated 

We will estimate 
Recruitment factors are used only for years which are 

c. 
prcduct of a type,age,sexspecific selectivity, VA(tas), and effort, E(*). 
cdlculate age,sex-specific total mortality, Z(as), as the sum of natural 
mortality and each of the type, age, sex-specific fishing mortalities. 
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d. For each age and sex, calculate the mean poplation numbers and sunrivirg 
numbeKs. 

e. For each type of fishery, use the mean PapiLation mrmbers, Weight  a t  age 
for that type, fishing mor ta l i t y ,  and fraction retained by the trawl fishery 
to calculate the total retarned ' catchbianassandthetotaldisc=arded biamass . 
f. For each type of fishery, aqzm the estimated total catch bicunass to the 
abserved total catch bimass. 
ratio to adjust the estimate3 effort for that type of fishery and redo above 
steps c-e until the obsewed and estimated catch bi- are w i t h i n  0.1% of 
each uther. 

If  the xatio differs fran 1.0, then use the 

g. I f  there was a pot survey or tri-ennial survey i n  that year, then use the 
mean nunbers at lerqth and the length-specific selectivities to calculate the 
sample catch ycu a d  expect frcm a survey of that type. These estimated 
-will be adjusted by the recdlculated Q before amparkon to the 
abservedsunreyvalues. 

h. If  there was  an age amgosition obsemation in that year, then use the 
mean rnmrbers a t  age and the age-spcific selectivities for that type of 
observation to calculate an - -led age c a p s i t i o n .  
At@A key to amver t  this - sapled age caposition to an apected 
abserved age ccnrposition. 
the age - * tiom and because recNitments prior to 1977 are not in- 
dividudlly estimated. 
caaposition and sumwith log likelihoods for this type of data in ather years. 

?hen use the 

pool for ages lot because of the lm precision in 

Calculate the log likelihood of the chewed age 

i. 
length a t  age key to convert the mean rnrmbers a t  age in the population to  the 
length cqms i t ion  of the popilation. lhen use the type, length-specific 
selectivities to calculate an expection for the sapled, abserved length 
ccmpositicm. calculate the lcg likelihood of the abserved length canposition 

j. Calculate the total fishing mortality for ages %, weighted by the 
abumbm= a t  each age and sex. lmis m o r t a l i t y  w i l l  be used to calculate the 
expeded rnrmber of tags returned in this year. 

If there was  a length caqmsiticm abservatian i n  that year, then use the 

and sum w i t h  log likelihoods for this type of data in ather years. 

k. 
keginniq of the year (when spawning occurs), weight a t  age, and fraction 
mature. 

Calculate spawning bicmass of females fram the numbers a t  age a t  the 

1. Got0 step 2.a. for the next year. 

3. 
be- the individudl abserved and estimated survey akudances. Q is fixed a t  
1.0 for the m e y  that is defined as fully quantitative, the abundance of 32- 
41an sablefish in the tri-ennial trawl surveys. 

4.  For each year in which tags were released, calculate the expected per- 
centage returned in each subsequent year from the time series of age 5+ 
mortdlities. 

For ea& type of survey, d c u l a t e  Q before calculating the deviations 

The follcwing F O l U "  StatementS accamplish this task: 
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TAGScm=l.O 
REW2PO.O 
UXJ2 (Y ,T) 4.0 

Do 800 Yl = Y+l,L;YR 
Z=F5(Yl) + l Q E w x r + m  
EEumRN(Yl) = 'llAGsovT * F5(Yl)/Z * (l.o-EXp(-Z)) 
REIRfi = REIRFT + EmmRN(Y1) 

800 --= * Exp(-Q 
Do 810 Y l =  Y+l,IXR 

ERF"(W --(n)- 
810 UXJ2(Y,T) = ~ ( Y , T ) ~ ( Y , Y l ) * A U X ; ( E R F " ( Y l )  ) 

where Y is the release year, IXR is the last year for which there are returns 
fran this release, oREmm is the abserved number of returns i n  year Yl from 
relcase year Y, F5 is the fishing mortality for ages 5+ cconbining bath gear 
t y p s  and weigh- F a t  age by the abLlrdance a t  that age, ERF"/RELRFT is 
the e>q?ected percentitge of these retuns tha t  should OCCUI: in year Y1. Txsmr 
is pmportianal to the effective initial number of tags and its value does not 
matter. 

5. Calculate the likelihccd cwponent for the mean t r a w l  survey (small) fm 
the Q for this type of survey. 

6. Calculate the likelihood for the stock-rezxuitnek relationship fm the 
log(estimaWexpeck3) for 1977 - 1985, the years with individual recruitmat 
estimates. U s e  a stardard error value of 0.40 for calculation of the log 
likelihood. 

?he log likelihoods for ea& type of data are multiplied by their assigned 
-is factor then sum& to prwide the current value for the averall log- 
likelihood. 
the following exceptions. Goodness-of-fit t o  a stadc-recruitxent relationship 
w a s  calculated, but assigned an emphasis of 0.001 so that it would not affect 
the parameter estilnates. ?he importance of the t r a w l  suzvey (&1) is solely 
to set the mean level of recruitment for the survey years. 
likelihood of the deviatim in individual years is given a n i l  enphasis of 
0.001, and the f i t  to the size rrxnposition which mntributes to this subset of 
the t r a w l  survey is not even calculated. Instead, the enphasis on the f i t  to 
the mean of the t r a w l  survey (small) is started a t  a high (100) value, then 
reduced w i t h i n  the run as the f i t  t o  the mean stays a t  a good level (+0.02). 
Althcugh the age and length c a p s i t i o n s  each have an eqhasis of 1.0, they 
have already been deen@asized by scaling each individual sample so that the 
total nwsler of fish measured (or aged) is a rnaxbnn of 400 in each sample. 
~ote that the total number of fish measured (aged) acts as a multiplier on the 
log likelihocd for that sample. &cause the m u l t i n c d a l  error model ignores 
process error, it is unreasonable to allow a sample w i t h  a large sample s i z e  t o  
be given extremely high a p h i d s .  

The a i s  factors for each caponent were  set equal to 1.0 w i t h  

Therefore, the 

Parameter E s t h t i o n  
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'he parameters which maximize the above werall log likelihood are famd by an 
iterative pmc&ure that utilizes numerical estimates of the first derivatives 
and ~ess ian  matrix of mixed partial derivatives. In this adaptation of the 
Gauss~procedure,theanvMltbywhichtochangetheparametersis 
calculated by mverthg the Hessian matrix and pc6t-llultiplying by the first 
derivatives. Ple pmcedme works well and generdlly in fewer 
iterations than the.- &,parameters (26) .  - T d c a l ,  brute- 
f o m e a p p m a c h i s ~  . c n a 2 0 M h z m i ~ w i a n r a t h c o -  
w, evaluation of the likelihood fumtion takes abcut 1 secon3. But a 
very large number of e!valuations are necessary to calculate all the derivatives 
so, - w i t h  nrmerous short-arts, the tatdl n m  t ime is 15 min to 1 haur. 
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Results 

The configuration of the mcdel included the parameters and coefficients listed 
i n  Tables 6 and 7. Evaluation of the model's abili ty to match the sablefish 
database proceeded in several stages. 
preliminary scenario, then a suall subset were evaluated in the final scenario. 
The differerrces between the two scenarios are as follows: (1) extra juvenile 
xmrblity - none in-the preliminary scenario, estimated in the final xenario; 
(2) area expansion of the t r a w l  survey - none in the preliminary and 6.5% 
expansion to Pt. conaqtion in the final runs; (3) 
damards in final runs due tobias detected in preliminary runs andbecause 

used in the preliminary nmswas based on thegrowth awes f i t  to the 

these two surveys; (4) maxjllprm size - best values were estimated in the f i r s t  
stage of the final scenario to be less than thevalues used in  the preliminary 
scenario. The expcted impact of the differences ketwem the two scenarios is 
that juvenile mortality will decsease estimated poplation bimass, area 
e x p a n s i o n w i l l i r u = r e a S e b i ~ , a n d d e c r e a s e d g m w t h a n d ~ m a x i m u m  
size w i l l  demease bimass. 

M o s t  of these stages OOcuzred i n t h e  

s ize  a t  age 5 - revised 

the 1983 1985 pat survey data rather than t+ observed mean s ize  a t  age 5 in 

hreliminarv scenario 

IncomDlete models 

The f i r s t  set of runs in the preliminary scenario was designed to gradually 
relax the assmptions made in past analyses. ?he first run was designed t o  
mimiCStOCkrectuctl 'on analysis, albeit in a ambrsme age-stnrctured manner 
(Table 8). A l l  recruimts were taken frcw the stock-recmibent relation- 
ship, only the f i t  to the mean abmhnce in  the 3 tri-ennial surveys w a s  
considered, the fixed gear selectivity was set nearly a t  knife-edge a t  age 3, 
t r a w l  selectivity was set so that the peak oc(3uTTed at 44-45 an and gradually 
declined for larger fish, and the only parameter estimated w a s  the level of 
virgin recruitment. Hence w e  are calculating the virgin recruitment level that 
would prcduce the mean of the 3 observed recruitments and be consistent with 
the w e d  time series of fishery remnmls. Ihe resultant estimate of age 3+ 
biannass in 1988 is 127,000 mt, d a m  frow 240,000 mt in 1970. The f i t  of this 
s-le mdel to the individual SuZNeys and to the age and leqgth ccanpositions 

twibes are estimated, there are large imprmrements to the f i t  to these data 
but little change in the estimated abumbne. 
ments durjng 1977 - 1985 results in a smaller hpmvement to the overall 
likelihood function and a decrease in  the level of atmdame. The inpruvd f i t  
obtained by estimating individual recrui- is due to the model's ability to 
match the scant information on variation i n  year class strength. muse the 
imprmrement is small, it sears that either variation in recnritrnent has not 
been great or that the various types of data are not consistent in inaicating 
w h i c h  years had g o d  recruimts. when individual recruitments are estimated, 
the mcdel is now able t o  estimate that the mean recruitment during the period 
1977 - 1985 w a s  less than the mean of the recruiitrnents observed i n  1980, 1983, 
and 1986. 
t h u s  impraving the f i t  t o  the declining p o t  irdex. 

p r .  when the survey selectivities and, especially, the fishery selec- 

Fitting the individual recruit- 

T h i s  causes mean biamass t o  be lower and t o  decline more rapidly, 
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Table 6. Constab  h the sablefish synthesis model. 

Preliminary 
Male growth: 
- a t a g e 1  38.4 
- m a t a g e 5  52.3 
-c length 70.0 
C.V. length a t  age 1 0.068 
C.Y. length at age 20 

F d e  grcwth: 
IencJth a t  age 1 38.4 
Length at  age 5 57.3 
-c length 85.0 
C.V. length a t  age 1 0.068 
C.V. length at  age 20 0.1452 

a. '3902 

2.3319E-6 
slape 3.3639 

Maturity-Laqth logistic function 
slope 0.2491 
Lerq-U~ a t  50% maturity 58.3 

Findl 

38.4 
52.0 
64.5 
0.068 
0.0902 

38.4 
56.2 
77.5 
0.068 
0.1452 

2.3319E-6 
3.3639 

0.2491 
58.3 

T r a w l  fishery logistic retentl 'on function 

Asymptotic reterrtion 1.00 1.00 

slape 0.809 0.809 
Length a t  50% re tat ion 41.4 41.4 

T r a w l  survey are mltiplier 1.000 1.065 

Lmg-tenu tag loss rate 0.100 0.100 

stock-recruitment density - 0.889 0.889 

Ageing errrlr saturation function 

parameter2 4.345 4.345 

Catch mlt ip l i er  1.000 1.000 

parameter1 0.223 0.223 
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Table 7. parameters estimated by numerical calculation of derivatives t o  the 
overall log likelihcad, except natural mortdlity, t r a w l  fishery Fl, ard trawl 
survey Fl were fixed at the irdicatedvalues and- not - w i t h i n  a run 
and recruitarerrt nultipliers e x p r e s d  as negative values are sinply calculated 
frmnthespawner-recruitmentcurveandarenot individuallyestimated. 
mcJ3liizImnts are expesed as mplltiples of the mean recruitment. 

In i t ia l  Final 

Nat m o r t  
Jwe mrt 
Male effect 
Fixed Fl 

P2 
P3 

T r a w l  m 
P2 
P3 

T r a w l  surv F l  
P2 
P3 

P2 
P3 

P2 
P3 

N p a t F l  

spot= 

virgin Recr. 
Meall Recr. 
Recr 69 
Recr 70 
Recr 71 
Recr 72 
Recr 73 
Recr 74 
Recr 75 
Recr 76 
Recr 77 
Recr 78 
Recr 79 
Recr 80 
Recr 81 
Recr 82 
Recr 83 
Recr 84 
Recr 85 
Recr 86 
Recr 87 

value 

0.15 
0.04 
1.50 
45.0 
65.0 
4.0 
36.0 
50.0 
4.0 
24.0 
38.0 
3.0 
45.0 
55.0 

2.5 
45.0 
55.0 
2.5 

9500. 
9500. 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
1.5 
0.5 
1.5 
1.5 
1.0 
1.0 
0.5 
0.5 
1.5 
-1.0 
-1.0 

value 

0.15 
0.012 
1.717 
44.4 
67.2 

36.0 
57.6 

24.0 
38.3 

43.8 
54.2 

42.9 
53.4 

2.154 

4.215 

3.354 

2.144 

2.499 
9522. 
9560. 
-0.971 
-0.971 
-0.971 
-0.971 
-0.968 
-0.966 
-0.962 
-0.955 
1.598 
0.217 
1.763 
1.345 
0.819 
0.838 
0.650 
0.499 
1.266 
-0.841 
-0.827 

B-40 



Table 8. S u m t r y  of synthesis model runs. The values displayed are estimate3 
V h y h  d-, estimated mean -tment for the 1977 - 1985 year 
dasses, biamass for ages 3+ in 1970 and 1988 (values are mean w i t h i n  year, not 
beginnhg of year), fishiq xirtality for ages 5~ wh ich  is used to &ailate 
expecbd tag xeixns, the averdu log likelihocd calculated using the standard 
eu@aSis factors, and forthe northern pot index the log likelihocd of the time 
d e s  and the expe&ed sunreyvalue for 1987. 

Age 3+ 
Recruibent Biariass - 5 +  NorthexnRlt 

F i n  TatdL 
Title V i r g i n  Mean 1970 1988 1988 LFke Like E(87) 

SRA MlMIC 10969 N/A 240 127 0.073 

F'IT SURVEY L FISH 10817 N/A 236 124 0.085 
FIT SURVEY L RMR 7136 10234 141 54 0.149 

FITSUENEY 11470 N/A 253 120 0.065 

Preliminary 'best" model 
m s m m  8987 9080 189 86 0.122 
GOOD SIlRl' (W VR) 9688 9286 207 95 0.111 
GOOD SZ74RT (HIGH VR) 9825 9284 210 95 0 . U  

No fom- on mean tzawl sunrey small fish 
COOD smm 8913 7955 187 68 0.155 
GOOD SIZLRT (IIJW VR) 8463 7253 175 54 0.192 
GOOD STAKl' (HIGH VR) 9478 8752 201 84 0.126 

-3293 
-2672 
-1341 
-2601 

-1196 
-1196 
-1195 

-1192 
-1192 
-ll92 

-34 6.3 
-33 6.0 
-35 6.6 
-18 5.8 

-21 5.6 
-20 5.4 
-19 5.3 

-18 4.8 
-17 4.4 
-19 5.2 
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Table 8 amtinud.  

Recruitment 

T i t l e  virgin Mean 

Age 3+ 
Bimass *!5+ 

Fin 
1970 1988 1988 

Northern pot 

Lika Like E(87) 
Totdl 

Enphasisnms 
!nDcx-REm lox 9887 9370 
!nDcx-REm 0.u 9493 9185 

212 
202 

101 0.104 
92 0.114 

-1212 
-1199 

-23 5.8 
-19 5.5 

TAG REl” 10- 12429 1l348 
TBG RExuFN lox 9497 9168 
TBG REnm 0.- 9864 9298 

277 
202 
211 

141 0.077 
94 0.m 
95 0.111 

-2064 
-1206 
-1195 

-40 6.5 
-23 5.8 
-19 5.3 

TRL SURV 10x ALL 10774 10320 
Pa- 0.U A I L  9330 8702 
TRL SURV 1Ox ABUM) 9893 9216 
T R L S U R V O . 1 x  ABUM)9604 9195 

= SURV 1OX ALL 5924 7699 
FUX! SURV 0.U ALL I9796 12447 
FUX! SURV 0.U AB[AJD 9482 9248 
FUX! SURV 5X m 9630 8577 
#IT SURV 1OX A E M l  8841 7757 
FWI! SURV 25X ABLwD 8817 7610 

235 
198 
212 
205 

1l1 0.096 
85 0.123 
94 0.112 
92 0.114 

-1255 
-1207 
-1195 
-ll93 

-3.5 4.7 
-20 5.5 
-19 5.2 
-20 5.4 

109 
466 
201 
205 
185 
184 

49 0.227 
235 0.046 
93 o.ll.3 
80 O.U.8 
58 0.174 
52 0.189 

-1441 
-I394 
-ll94 
-12x3 
-1265 
-l390 

-27 6.4 
-23 3.7 
-21 5.6 
-12 4.6 
-6 4.1 
3 3.7 

FISHERY lox 22205 l3315 
FTsHmY 0 . n  6408 8027 

528 
I21 

272 0.040 
57 0.186 

-1452 
-I318 

-28 3.6 
-26 6.4 

AGE CmP lox 8957 8174 
AGE CmP 0.lx 7754 8986 

188 
3.57 

89 0.116 
67 0.157 

-1603 
-1338 

-27 6.0 
-22 5.9 

LEN CmP lox 7480 9408 
Jim CmP 0 . u  9592 8056 

149 
204 

71 0.150 
91 0.113 

-1386 
-1579 

-27 6.5 
-19 5.3 
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Age 3+ 
Recruitment Biclmass Ages+ NO- pot 

F h  Totdl 
Title V-.h Mean 1970 1988 1988 Like Like E(87) 

Sensitivity to biological and other crmstants 

"RAL MXU=.175 
"RAL Mxm.125 
"J M X U = . l O O  

E 3 p I I R A J u V m x P  -. 05 
M l l R A J u V m x P  -. 15 

CXCU4 MUEL' = 1.05 
CXCU4 Mum = 1.20 

MAX 'IWL REmuw.95 
MAX 'IWL REmuw.90 

TAGK&+.l5 ( l a )  
!DGLfS+.05 (la) 

?wL RECR SI-38 
IwL RWI SIzG.34 

TRL REXX SIzG.26 
TRL RECR SIzG.22 

9528 9122 
9404 8953 
9606 9228 

10232 9592 
9021 8619 
9451 9117 
9531 9068 
9695 9484 
9232 8556 

llO68 9204 
7678 8734 
6419 8604 

9902 9302 
l l401  10393 

10121 9347 
9472 8932 

9708 9247 
10279 9400 

9559 9162 
9618 9220 

11730 9731 
8077 8687 

9394 8875 
9549 9280 

9548 9176 
95l2 9134 

202 
205 
198 
231 
180 
209 
194 
221 
180 

180 
219 
263 

193 
189 

218 
201 

207 
221 

203 
205 

259 
165 

199 
203 

203 
202 

91 0.116 
91 0.118 
91 0.116 

110 0.092 
72 0.148 
94 0.114 
85 0.120 

108 0.098 
71 0.147 

66 0.155 
113 0.096 
155 0.073 

79 0.l32 
74 0.141 

101 0.104 
87 0.120 

88 0.126 
77 0.163 

88 0.123 
85 0.l30 

123 0.109 
77 0.173 

87 0.121 
91 0.115 

91 0.115 
91 0.116 

-1193 
-1228 
-1176 
-1275 
-1159 
-1218 
-1177 
-1240 
-1181 

-1222 
-1177 
-1177 

-1195 
-1199 

-1209 
-1190 

-1193 
-1189 

-1193 
-1192 

-1222 
-1211 

-1203 
-1194 

-1194 
-1194 

-20 
-20 
-20 
-19 
-21 
-20 
-20 
-20 
-20 

-19 
-22 
-25 

-19 
-19 

-23 
-21 

-19 
-18 

-19 
-19 

-22 
-25 

-20 
-19 

-20 
-20 

5.4 
5.4 
5.5 
5.3 
5.3 
5.4 
5.4 
5.6 
5.1 

4.7 
6.1 
6.7 

5 .1  
5.0 

5.5 
5.3 

5.3 
4.8 

5.3 
5.2 

5.4 
6.2 

5.3 
5.4 

5.4 
5.4 
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Table 8 corrtinued. 
Age 3+ 

Recmitmmt aiclllass Ages 
Fin 

Title V i r g i n  Mean 1970 1988 1988 

Northern pat 
Totdl 
Like Like E(87) 

-- - - ---- --- -- - _----__-- --- -- 

mI;uIwINGRuNsusENo l n F t c z m o N ' I H E M E A N T R I ~  
SllAKT 9300 7000 9402 9083 199 90 0.116 
SDlKL! 8000 7000 9302 8255 197 76 0.U7 
STlW' 10000 7000 9358 8982 198 88 0.119 
SllAKT 11000 9000 9485 9365 201 95 0.110 
S" 8000 6000 9000 8227 189 73 0.140 

SroCK-REcR lox 9771 9234 209 99 0.107 
smcE+m 0.U 9618 9158 205 94 0.1u 

llAG REmJRN lox 9359 8570 198 86 0.121 
TAG FmUm 0.- 9486 8986 201 89 0.118 

TRI SURV 1Ox ALL 9460 8060 201 65 0.162 
TRI: SURV 0.U ALL 9642 9157 205 96 0.109 
TKt SURV 1Ox AB 9293 8562 196 81 0.129 
TKt SURV 0.U AB 9084 8741 191 82 0.U7 

#IT SURV 1Ox ALL 5906 6108 108 25 0.431 
FUI'SURV 0.U ALL 18158 14117 424 241 0.045 
FWl' SURV 25X AB 7918 6595 161 33 0.289 
#JT SURV 1Ox AB 8198 6789 168 40 0.247 
#JT SmV 5x AB 8397 7ll6 173 49 0.208 
FWl' SURV 0.U AB 10009 10706 215 121 0.087 

FTSfma lox 43783 31344 1079 765 0.015 
FTSfma 0.- 6170 6345 116 31 0.334 

A(;EcrplIp lox 12140 16493 270 244 0.043 
AGE a3Mp 0.- 7455 7455 149 42 0.245 

mcclMp lox 6507 7887 124 43 0.241 
IEN 03MP 0 . B  9259 8170 196 91 0.111 

8-44 

-1198 
-1193 
-1198 
-1215 
-1192 

-1216 
-U96 

-1210 
-1198 

-1270 
-1211 
-1199 
-1198 

-1446 
-1378 
-1386 
-1260 
-1217 
-1200 

-1417 
-1333 

-1607 
-1346 

-1444 
-1596 

-20 5.5 
-18 4.9 
-20 5.4 
-21 5.7 
-18 5.0 

-23 5.8 
-20 5.5 

-22 5.6 
-20 5.3 

-14 3.7 
-21 5.7 
-18 5.1 
-20 5.4 

3 4.5 
-22 4.2 
1 3.3 
-6 3.6 
-11 4.0 
-25 6.3 

-26 4.6 
-19 4.7 

-39 8.4 
-16 4.7 

-23 5.7 
-21 5.6 
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Table 8 conthud. 
Age 3+ 

Recruitment Bicauass Ages N o r t h e r n  pot 

T i t l e  Vwh Mean 1970 1988 1988 L b  W E(87) 
F h  Tatal 

m ~ R u N s ~ m ~ o R ~ s A M p I E  
NULL, NO IXZEITONS 9596 8893 204 87 0.121 
DEL 71 N m SURV 12512 9567 279 127 0.085 
DEL 79 N SURV 9844 9867 211 102 0.104 

80 T"L SUXV 9651 8825 206 89 0.117 
DEL 80 N m SURV 9856 9586 211 100 0.106 
DEL 81 N KYI'SURV 9632 8785 205 88 0.120 
DEL 83 TRAWL SURV 9400 9002 l99 89 0.118 
lXL 83 N KYT SURV 10722 9916 233 116 0.092 
EEL 84 S FUI' SURV 9486 9301 201 96 0.110 
DEL 85 N PUl? SUEN U.224 10337 246 120 0.089 
DEL 86 FEEXI FISH 9081 8931 191 90 0.115 
DEL 86 TRWL F'ISH 8620 8975 179 83 0.126 
DEL 86 TRAWL SURV 9437 9654 200 101 0.104 
DEL 86 S RYT SURV 9541 9350 203 96 0.109 
DEL 87 l?lXED F'ISH 8438 9122 174 83 0.127 
DE& 87 TR?WL FISH 8250 9099 176 83 0.1126 
DE& 87 N RYT SURV 9307 9511 197 95 0.110 

-1195 
-1089 
-1095 
-1112 
-1187 
-1145 
-1149 
-1097 
-1170 
-960 
-1146 
-1120 
-1119 
-1154 
-1046 
-1048 
-1172 

-19 
-20 
-21 
-18 
-20 
-u 
-21 
-9 
-22 
-18 
-21 
-21 
-23 
-22 
-24 
-22 
-7 

5.2 
5.0 
4.9 
5.4 
5.6 
5.7 
5.5 
5.3 
5.7 
4.8 
5.7 
5.8 
6.1 
5.7 
6.1 
6.1 
6.1 
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Table 8. ccntirnued. 
The f0llW set of final runs have these &ara&eristics: 

1. increase survey abm%m?s by 6.5% for the Cox=ption expansion 
2. include extm natural mortality on jweniles 
3. change 16 Wues to 52.0 for males, 56.4 for females 

Age 3+ 
Recnlitment Biallass Ages NOrtheKnpot 

F h  Tatal 
Title V w  Mean 1970 1988 1988 Like Like E(87) 

F i n d b e s t L  values 
M 65 F 76 9910 9710 176 76 0.U2 -1142 -20.4 5.36 
M 6 5  F 7 8  10l33 9789 179 80 0.127 -1141-20.5 5.42 
M65 F 8 0  9853 9671 in 74 0.136 -1145 -19.7 5.32 
M 65 F 82 9977 9695 180 79 0.U -1151 -20.3 5.42 

M 62 F 79 10223 9735 in 79 0.128 -1.1.53 -20.4 5.43 

M 6 8  F 7 9  9651 9609 in 74 0.137 -1156 -20.2 5.36 

M64 F 7 9  9922 9751 176 76 0.l33 -1141 -20.7 5.4 
M 66 F 79 l o l l 3  9521 178 77 O.l.32 -1146 -20.2 5.35 

select best L as M 64.5, F 77.5 

F i n a l R ~ n ~ .  'MEF'IRSTOF?HEsEISSELEEEDA!S'MEBEsTFINALFUN 
Virg-recr=8000 9522 9560 176 79 0.126 -1143 -20.2 5.54 
v i r g - ~ l l o o o  10249 99l3 175 79 0.128 -1153 -20.7 5.5 
pcrt aixnd lox 9716 8369 163 48 0.199 -1224 -7.3 4.03 
age c ~ n p  0.lx 8947 9998 145 65 0.156 -1247 -22.7 5.84 
natmrt = .17 1186110143 176 68 0.144 -1170 -19 4.87 
natmort= .13 8426 9436 175 85 0.119 -1128 -22.3 5.97 
natrnort= .ll 7267 9405 175 91 0.114 -1095 -23.9 6.44 
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h-eliminarv best model 

?he model is able to ccnnrerge on approximately the same %estbest" point ham a 
range of Starting points (Table 8 ) :  
initial recruitrments are fram stccJc-recruitment relationship (null start), good 
Starting vdlues but a low initial guess for virgin recruitment (good lcrw 
start), or gccd s t a r t i q  values and a high i n i t i a l  guess for virgin e t m e n t  
(gaxl high start ) .  ?he en3 resul t  is sensitive to the starting virgin recnrit- 
ment level when run w i t h a t t - t h e  extra likelihood canpnent w h i c h  forces a near 
prfect f i t  to the mean of the t r a w l  survey ( d l ) .  W i t h o u t  this forcing, the 
estimated recruihent levels are 1awe.r w h i c h  causes a more rapid decline in 
biaraass and abe t t e r  f i t  tothe pot index sunreys. N o t e  that the overall 
likelihood is the same for these three different levels of virgin recruitment. 
?he patterns of estimated selectivity in this wdel laqrely match our prior 
-tiom (Table 9): smaller fish are more available to the trawl fishery 
than to the fixed gear fishery, lllaxinnrm availability to  the t r a w l  survey (all) 
occuzs for the size range of the age 1 fish then trails off rapidly thrarghout 
the size range of the age 2 and 3 fish, the size range of the age 1 and age 2 
fish is barely available to the pot index, peak availability to the pot index 
occurs for the s ize  range of ages 4-6, availability to the sauthern pot irdex 
is displaced slightly towards smaller fish relative to the northem pot index. 

initial. selectivities are knife-edge and 

Varrina Emhas is 

me 1- of a@asis placed on each type of data can influence the nature of 
the final solution if the various types of data are not ccnnpletely ccolsistent 
w i t h  each ather. I f  a l l  of the ccmponents of the a v d l  log likelihood 
function are correctly specified, then placirq equal exphasis on each type 
should achieve the best amprcanise solution amrq the variw types of data. 
However, we have already noted that the nailtinanial model used to specify the 
error structure for the age and length nmpositions w i l l  tend to merestma * t e  
Confidmceinthesesanples. certauil y other simplifications i n  the model w i l l  
distort the w?Xe&nes of the likelihood definitions. H e r e  w e  w i l l  explore 
the sensitivity of the overall result to variation in the -is placed on 
each type of data. In each of the following runs the emphasis on sane likelih- 
ood component is cbarqed. To facilitate conparison of results, we also 
calculate the averdl1 likelihood w i t h  the original, standanl eqhasis factors. 
These  likelihoods are presented in Table 8.  

1. 
function, the emphasis w a s  only 0.001. Raising the e ~ @ ~ i s  to 1.0 decpded 
the overall likelihood by only about 5 units. 
tended to reduce the variation i n  the estimated recruitzmts as they w e r e  
pulled clcser to the stock-recnritment relationship. 
raised the ending biamass, similar t o  the above models in w h i c h  the all 
recmifments were  taken directly from the stock-recruitment relationship. 

2. 
Increasing the emphasis to 10.0 slightly degraded the f i t  but did not substan- 
t i a l l y  -e the estimate3 stock abundance. However, increasing the -&is 
to 100.0 caused a large irxxeaSe in estimated abundance and a great degradation 
in the overall likelihood. 

StccJ-recmitment. ?he basic xdel largely i g m d  the f i t  to this 

Raising the enphasis to 10.0 

mis degmded the f i t  and 

Tag return. Reducing this emphasis t o  0.1 had no effect on the model. 
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Table 9. Rre t r a w l  survey 
(snall) selectivities a m  fixed at the kdicated values and are nut estimated. 
?he t r a w l  fishery retention fractions a m  calculated fraa a logistic function 
a n d a r e n o t e s t i P l a t e d i n t h e ~ .  

Size specific selectivities in preliminary model. 

32.0- 36.0 
36.0- 38.0 
38.0- 40.0 
40.0- 42.0 
42.0- 44.0 
44.0- 46.0 
46.0- 48.0 
48.0- 50.0 
50.0- 52.0 

54.0- 56.0 
56.0- 58.0 
58.0- 60.0 
60.0- 64.0 
64.0- 68.0 
68.0- 72.0 
72.0- 76.0 

52.0- 54.0 

76.0- 80.0 
80.0- 90.0 
90.0-100.0 

32.0- 36.0 
36.0- 38.0 
38.0- 40.0 

42.0- 44.0 
44.0- 46.0 
46.0- 48.0 
48.0- 50.0 
50.0- 52.0 
52.0- 54.0 
54.0- 56.0 

58.0- 60.0 
60.0- 64.0 
64.0- 68.0 
68.0- 72.0 
72.0- 76.0 
76.0- 80.0 
80.0- 90.0 
90.0-100.0 

40.0- 42.0 

56.0- 58.0 

.003 

.005 

.006 

.007 

.009 

.066 

.220 

.414 

.602 

.774 

.910 

.989 
1.000 

.888 

.670 

.462 

.3l2 

.214 

.I28 

.080 

005 
.073 
.209 
.349 
.488 
.626 
.758 
.877 
.965 

1.000 
.964 
.859 
.710 
.491 
.271 
.146 

.047 

.023 . oll 

. oai 

1.000 
1.000 
1.000 
1.000 . 000 
.OW . 000 
,000 . 000 . 000 . 000 . 000 . 000 . 000 . 000 . 000 
.wo . 000 . 000 . 000 

.971 
1.000 

.852 

.661 

.484 

.347 

.248 

.179 . l31  

.097 

.073 

.056 

.044 

.031 

.020 

.014 . 010 

.007 

.004 

.003 

.005 .005 

.009 .009 

.ol2 .oll 

.014 . O U  

.017 .078 

.143 .302 

.456 .616 

.796 .878 
1.000 1.000 

.986 .926 

.807 .723 

.591 .509 

.416 .345 

.259 .206 

. U 8  . lo3 

.080 .056 

.050 .033 

.033 .021 

.020 .ol2 

.Ol2 .007 

Mdle selectivities 

Female Selectivities 
.003 
.005 
.007 
.008 
.010 
.074 
.246 
.454 
.640 
.792 
.903 
.971 

1.000 
.981 
.908 
.808 
-708 
.617 
.497 
-418 

.005 

.079 

.227 

.378 

.527 

.671 

.802 

.go9 

.979 
1.000 

.970 

.897 

.796 

.633 

.442 

.302 

.208 

.146 

.090 

.057 

1.000 .963 
1.000 1.000 
1.000 .924 
1.000 .818 

.OOO .705 

.ooo .599 

.OOO .506 

.OOO .427 

.OOO .362 

.OOO .308 

.ooo .264 

.OOO .228 

.OOO .198 

.OOO .163 

.OOO .127 

.ooo . lo1  

.OOO .082 

.OOO .067 

.OOO .050 

.OOO .040 

.006 
-010 
.013 
.016 
.019 
.l55 
.474 
.782 
.955 

1.000 
.962 
.884 
.795 
.672 
.536 
.435 
.359 
.303 
.237 
-197 

.005 . 010 

.ol2 

.ol5 

.087 

.333 

.657 

.893 
1.000 

.987 

.898 

.782 

.667 

.526 

.383 

.286 

.220 

.174 

.126 

.097 

Trawl 
retain 

.007 

.036 

.152 

.431 

.755 

.934 

.986 

.997 

.999 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

.007 

.036 

.152 

.431 

.755 

.934 

.986 

.997 

.999 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 



3. Tri& t r a w l  survey. Tenfold increase or  decrease in the aqhasis on 
just  the abr&nce estimates had no effect on the model. Apparenuy these 
absenmtians are highly consistent w i t h  other data i n  the mcdel. Increasing or 
decmasirg the eap-jlasis on survey akadance and length ampcsition by tenfold 
caused a degxadation in the overall likelihood, lxlt a different effect on 
estimated abundance. 
e s t i m a t e d a b u n d a n c e a n d , ~ y , a n i m p r o v e d f i t t o t h e p o t i n d e x  
ahmblce. 

High c m , i s  on all t r a w l  survey data caused hi* 

4. F?Jt"rveys. ~ i n g t h e e u @ a s i s o n a l l p o t s u r v e y a l n n d a n c e , l e n g t h  
axpcsitmn and age ccmposition data prodwed a poor overall f i t  and an 
-le result with a very low level of virgin recruitment. This  may be 
due to  an impmvea f i t  to the 1971 northem pot index size cmpx3ition because, 
note below, that deletion of the 1971 northern pat index data caused a high 
estimate of virgin recnritment. carnrersely, EdUcirg the euphasis on all pot 
inlexdata alsoprduced apoor overall f i t ,  butwith avery high level of 
estimated abundance. A very consistent, mnotonic result 0Cau;red when the 
change i n  -is was only on the ah&ance aspect of the pot index survey. 
Hirpler en@asis on the abu&nce in the pat index caused a I[pzch hpruved f i t  t o  
this type of data, a degmxkd overall f i t ,  and a decsease in the estimate of 
aurent bicmass. 

5. All fishery data. 
placed on the fishery age and size amposition data. primarily because the 
great abundance of older fish in the fisheries is a t  odds with the declining 
pot index and the lack of older fish i n  the 1983 and 1985 pot index flllveys. 
Note that the break-an3-hu-n technology for reading sablefish otoliths is still 
evolving. A charrge in ageirg criteria ocmrred between the t ime the 1986 port 
-1- were read and the 1987 port q l e s  were read. ?he magnitude of the 
change is not kncwn and it is likely that only older fish are affected. solme 
otoliths pwiGusly read by the old criteria are being r e - B d  so that a 
calibration can be developed. 

6. All age composition or all size rrlnposition data. ?he estimated biamass 
w a s  not overly sensitive to  the eu@asis placed on all the age cmpcsition data 
or on all the size ccmposition data. But the ovexall f i t  to the model is 
substantially degaded if the enphasis on all age axps i t i on  or  all s ize  
ccanposition is changed. We see no reasca? for setting these en@msis factors a t  
anything other than 1.0. 

rIhe overall resul t  w a s  higNy sensitive to  the eqhasis 

Model Sensitivitv to  constants 

In the next stage of the preliminary nms we investigated the model's sen- 
si t ivity to varicus fixed coefficients. 

1. GraJth. Faster and slower grwth and maxjsma size was irnrestigated for 
each sex (Table 8 ) .  
obtained a t  slower growth or smaller lMxinnrm s i z e  for each sex. On the basis 
of this result we reexarmned ' the information available on size a t  age 5 and 
made small adjustments for the findl scenario and w e  decided to use the model 
to determine which values for maximum s ize  gave the best f i t .  

Better f i t s  and substantially lower  biomasses w e r e  
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2 .  
abtained at lower levels of natural mortality. Most of the inproved f i t  was 
due to a better maw to the high frequency of old fish in the 1987 fishery 
samples. The f i t  to the pot i r & x  surveys was degmded a t  lower levels of 
natural nrortality because w i t h  more old fish in the ppulatian the estimated 
pot index cannot change nearly as rapidly as the cbservations changed. A t  law 
levels of natural mortality an mexpct& result occurs. Estimated virgin 
recruimentis- * 

Wing 1977-1985. 'Ibis occurs because virgin recruitment and natural mortality 
determine the relative aLxnsdance of older fish a t  the en3 of the time series, 
when mast of the data w r e  collected. W i t h  1- M, v b g h  recruibnent also 
nust be lower otherwise there w i l l  be too many old fish in the population. 
Although a better overall f i t  is obtaned ' a t  lcwer levels of natural mortality, 
the poor f i t  to the pot index and the lcw estimate for vixyin reclcuitment 
suggest that the natural mortality equal to 0.15 is m01tl realistic for the W 
portion of the sablefish poplation. 

Intrcctucing additional natural mortality on juveniles had an insignificant 
effect on the f i t  ard l cwerd  the estimated current biomass. The major 
was an the estimated level of recruitment. !Il-lis occurs because the recruimt 
values are referenced to the beginning of the year, but the recruitment 
measurements (i.e. the t x a w l  m e y  (small)) are referenced to the mean 
ahmiaxe w i t h i n  the year. The extra natural mrtal i ty  cm juveniles has a 
large impact an the ratio of initial lnrmbers to mean rmbers so a t  higher 
levels of juvenile m o r t a l i t y  the estimated initial lnrmbers mst be hxeased t o  
maintain a good match with the abserved mean nmbers. 

Natuzal mor td l i t y .  A better f i t  and substantially higher biaMss was 

y less than the estimated mean level of recruitment 

3. Ageing error. 
on estimated biaPnasses or the goodness of f i t .  

4. 
by 5 or 20% had the expcted effect of decreasing the estimated current biamass 

dec=rease in recent levels of biomass imprweS the f i t  to the pot index and, 
slightly, t o  the overall likelihood. I f  there is evidence that historical 
lardings were underreprted by more than 5%, then this factor should be 
incorporated in the andlysis. 

5. T r a w l  discard . In  1987 there is evidence that abaut 10.5% of large 
sablefish w e r e  discaxded by the trawl fishery, presumbly rost of this occurred 
a t  the end of the year after the sablefish qwta had been reachd. 
assure that similar levels of discard ocaured historically, then the model 
esthtes a small reduction in  the current bicwass. In  next year's version of 
the sablefish model we should make provisions for yearly changes in  the amount 
of sablefish aiscarded after the close of the seasan. 

Qlanging the level of age% error had only a srnall effect 

Increasing all of the catch bi- ( t r a w l  and fixed) Catch  nniLtiplier. 

because mean recruitment is fixed by the 3 abserved recruitments. This 

I f  we 

6. Tag loss. Increasing or decreasing the long term level of tag loss causes 
a degradation in the overall likelihood. Note that these runs used a lox 
arplhasis on the tag retun data, so the default for ccgnparisOn is the enphasis 
run called TAG RE" lox. 
level of tag loss for the follming reason: 
default value of 0.1 then, in order for the mcdel to maintain a good match to 
the observed pattern of tag returns, it nust decrease estimated bitnrass thus  

Estimated biamass is positively correlated w i t h  the 
i f  tag loss is lcrwer than the 
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increasing estimated fishing mortality thus increasing the rate a t  which tags 
are reMNed f m  the tagged papilation. 

7. First availability. The model has difficulty i n  estimatirq the s ize  a t  
which sablefish f i r s t  becane available to the trawl fishery. lhis occurs 
becausetheretentl 'on goes to zero for the small fish so one cannot tell the 
difference betkeen not C a t c h i r q  any small fish and catching a n d d i s c a m q  * m a n y  
small. fish. 
it to kill off many-small fish, drivw the bimass dum and achievh3 a better 
f i t  to the declining pot index. We found it necessary t o  fix the size  a t  first 
availability a t  a reascaable value (36 an). 
in the range 34 - 38 anwculd have the same result. Themodel also had 
difficulty w i t h  estimating the size a t  f i r s t  availability to the t r i 4 a l  
t x a w l  survey probably because the model i g m d  fish less than 32 an and the 
f i r s t  categary, 32-35 an, was 4 an wide. We fourd that values in the range 22- 
26 a n  gave the best shape to the &ability function for larger s i z e s  and all 
nms were done w i t h  this &ability parameter set a t  24 an. 

In fact, the model prefers the la t ter  scenario because it allaws 

Table 8 idicates that any value 

Model Sensitivitv t o  mta 
a?e influenze of individual surveys and fishery samples was investigated by 
deletingone surveyor fisherysamplethenrunningtheaaodelwithoutthat 
Okervation. Note that in Table 8 the reported likelihoods carplot be readily 
ccmpared because the likelihoods are total likelihoods and are not 1 i k e l i . h ~  
per obsenmtion. When a deletian was made, a l l  types of data (akm&nce, size 
a q c s i t i o n ,  and age cagxsit ion) were  deleted a t  the same time. Among these 
16 runs, the paean age 3+ bianass in 1988 was 97,000 mt (s = l3,OOO). ?he 

87 t x a w l  fishery, or the 87 fixed gear fishery samples were deleted. The 
maxbm was 127,000 mt which occuzred With deletion of the 1971 northern pot 
survey, and large bicmasses also d t e d  fmm deletion of the 1983 or 1985 
northem pot surveys. 'Ihese results reinforce a d u s i o n  reached earlier. 
The relative akndan=e of old fish in the 1986 and 1987 fishery ~ a ~ p l e s  is a t  
odds with the scarcity of old fish in the 1983 and 1985 pot index wles and 
w i t h  the large 

Final Scenario 

was 83,000 which occuzred wfien the 86 t r a w l  fishery SaUples, or the 

decline i n  the pot index. 

Final Model Confiramation 

The "final" !3et of runs was made w i t h  the follclwing changes t o  the 'Iprelim- 
inary" scenario. Abm%ncs i n  the trawl surveys was increased by 6.5% to 
extrapolate to Pt. conceptian. Extra juvenile natural mortality was h r -  
porated as a paranreter to be estimated and was given an i n i t i a l  value of 0.04, 
so that age 1 fish had a natural mortality of 0.19 and this rate declined 
qxmentially to 0.15 for the older fish. 
fit the observed s i zes  a t  age 5 in the 1983 and 1985 pot index surveys. 
best values for maximum s ize  w e r e  estimated in the f i r s t  set of the findl 
scenario. 

Size a t  age 5 w a s  adjusted to better 
The 

We investigated values of male maxirmrm s i z e  in the range 62 - 68 an (Table 8). 
?he best f i t  ocaured a t  64 an and we selected 64.5 an by a crude quadratic 
interpolation as the value t o  use in the findl runs. I n  ccnnparhg the L = 64 
to the L = 68 runs, the greatest parameter change was the parameter which 
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decmas& the availability of largex males. With a smaller L , the large males 
are estimated to be more available. The charrge i n  likelihood for those 
aqonmts with * change was as follows: fixed gear age amp +7, 
t r a w l  age anp +16, north pat survey age ccpllp -12, fixed gear size amp +3, 
t r a w l  size cap +5, t r a w l  survey size amp +3, north pot survey s i z e  amp -3, 
south pat survey s ize  axp -3, overall +14. 
values in  the rage 76- 82 an with 77.5 an being selected as providing the best 
fit. A t  L = 78, relative to L = 82, the larger females were estimated to 
have higher availability to all w e y s  and fisheries. 'Ihe change i n  likeli- 
hmc? was as follows: fixed gear age amp +2, t r a w l  age anp +7, north pot 
survey age cap -7, fixed gear size amp +6, t r a w l  s ize amp +1, t r a w l  survey 
s i z e  amp -5, north pat survey size amp +4, scuth pat survey s i z e  cc~np +3, 
overall +lo. 

For females, we investigated 

Seven fiml nmsweremade  after incorporating the above changes tomale and 
female maxinarm size. 'Ihese runs were selected to produce an estimate of the 
most likely status of the west coast sablefish stock and to bradcet a range of 
plausible alternatives. 
16. Because the extra juvenile mortality parameter was included in the set of 

recruitment, 8,000 an3 11,000 (fhnrs 1 and 2). The higher value produced a 
higher e d n g  estimate for virgin recruitment (10,249 vs. 9,522) and for 
juvenile m o r t a l i t y  (.042 vs. .Ol2) and a worse f i t  (-1153 vs. -1143). Beginn- 
ing age 3+ bicmsses (174,880 vs. 175,601) and ending age 3+ bitmasses (78,524 
vs. 78,621) were nearly identical. 
was selected as the best m to be ewrmraed ' in more detail below, and the 
following runs used a starting value of 9,500 (which w a s  the final value from 
run 1) for virgin recruitment. 

certainly increases the goodness of f i t  to these obsemations, but degades the 
f i t  to several types of size ard age amposition, especially the size canposi- 
tion in the northern pot index itself. lIhis occurs for two ~reasons. Fi r s t ,  
the model, in an attempt to better match the fluctuations in the pot index, 
estimates that a narrower s ize  range is available to the pot index thus 
degrading the f i t  to the size amposition. conversely, with a broader s ize  
(hence age) range available to the survey, the estimated survey index cannot 
change rapidly enough to go down to 4.8 in 1981, up to 10.6 in 1983, then 
decline yearly to 2.8 in 1987. Secondly, the changes i n  rcruitment necessary 
to match the index are not obvious in the size/age ccnnposition data. Overall, 
the f i t  to the northern pot inlex size axposition i n  run 1 (Figure 17) was 
Jxzsombly good. 

Decreasing the -is on all age amposition data causes a large degzadation 
i n  the f i t  to the fishery age amposition data (Run 4), and an improvement i n  
the f i t  to all length amposition data, especially the northern pot survey 
length -ition. 
slightly degraded because, as mentioned above, a tight f i t  to these observa- 
tions is sanewhat a t  odds w i t h  a tight fit to  the corresponding size camposi- 
tions . 
N a t u r a l  mortality levels from 0.11to 0.17 (FLUIS 5,6,7) w e r e  evaluated. bwer 
levels of ~ t u r a l  mortality produce higher estimates of juvenile natural 
mortality, l awer  estimates of virgin recruitroent, nearly identical start- 

Results are sumarized in Tables 10-14 and Figures 15- 

parameters to be estimated, we tried two differerrt startug valuesofvirgin 

Ihe run with the Starting value of 8,000 

Increasing the enl@asis on the pat index survey's abundance index (Run 3) 

Ihe f i t  to the pot index abudaxe  observations is 
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mle 10. 
10.0 cn the abu&nms h t h a  XZtheKnanl sauularnpot index. Age 0 . u  had an 
elphasis of 0.1 on all typee of age carp#sitiool. 
negative values w a s  shply taken frun the stack-mcmitromt relationship and 
were not itxlividually e t e d  as parawbm of the xocdel. Recncitments for 
the year classes 1977 - 1985 w0rz1 
recnritment. 'hree parameters, n a w  mortality, trawl fishery Pl, and trawl 
suxvey p1 m fixedat the indicatedvaltm and were not changed within a nm. 

values for the final nm. pot lox had an -is of 

Idecnritments indicated as 

as r a t h  to the estimated mean 

S t a r t V i r g i n R e e  NaturdL Mortality 
= A g e  

parameter 8000 ll000 1oX 0.U W.17 W.13 W.11 

Nat mort  0.15 
Jwe mort 0.012 
Male effect 1.717 
Fixed Pl 44.4 

P2 67.2 
P3 2.154 

Trawl Pl 36 
P2 57.6 
P3 4.215 

Wl svy Pl 24 
P2 38.3 
P3 3.354 

N p c r t P l  43.8 
F2 54.2 
€9 2.144 

s p a t m  42.9 
P2 53.4 
E3 2.499 

v h h l  Recr. 9522 
ME& Recr. 
Recr 69 
Recr 70 
Recr 71 
Recr 72 
%cr 73 
Recr 74 
Recr 75 
Recr 76 
Recr 77 
Recr 78 
Recr 79 
Recr 80 

81 
Recr 82 
Recr 83 
Recr 84 
Recr 85 
Recr 86 
Recr 87 

9560 
-9283 
-9283 
-9283 
-9283 
-9254 
-9235 
-9197 
-9130 
15277 
2075 
16854 
12858 
7830 
8011 
6214 
4770 
12103 
-8049 
-7906 

0.15 
0.042 
1 379 
44.8 
66.4 
2 289 

36 
58.1 
4.566 

24 
38.1 
3.407 
44.6 
53.3 
2.078 
44.6 
51.9 
2 175 
10249 
99u 
-9952 
-9952 
-9952 
-9952 
-9923 
-9903 
-9863 
-9794 
15018 
3668 
16525 
I3303 
7930 
8396 
6532 
5402 
12440 
-8624 
-8465 

0.U 
0.044 
1.421 

61.5 

36 
56.3 
5.103 

24 
39.4 
3.594 
44.7 
53.3 
2.156 
43.0 
52.5 
2.699 
9716 
8369 
-94s 
-9415 
-9415 
-9415 
-9382 
-9365 
-9323 
-9248 
I2570 
1306 
24521 
10352 
5892 
7122 
2820 
3088 
7791 
-7867 
-7574 

44.6 

2 e 106 

0.15 
0.05 
1.525 
44.9 
67.5 
1.893 

36 
58.0 
4.794 

24 
38.7 
3.175 
44.7 
53.9 
1.788 
43.1 
53.6 
2.157 
8947 
9998 
-8628 
-8628 
-8628 
-8628 
-8598 
-8578 
-8528 
-8458 
15156 
940 

15386 
15126 
7638 
8338 
10587 
1320 
15766 
-7138 
-7018 

0.17 

1.430 
44.6 
66.9 
2.193 

36 
57.8 
4.359 

24 
38e1 
3.37 
44.6 
53.4 
1.962 
43.0 

2.465 
US61 
10143 
-m93 
-11593 
-11593 
-ll593 
-11553 
-11532 
-ll482 
-11411 
17618 
2069 
18389 
14169 
8145 
8540 
6258 
4950 
11198 
-9980 
-9737 

0.028 

53.2 

0.u 
0.050 
1.423 
44.8 
64.8 
2.214 

36 
57.9 
4.567 

24 
38.5 
3.475 
44.7 
53.2 
2.158 
44.4 
52.1 
2.292 
8426 
9436 
-8153 
-8153 
-8153 
-8153 
-8125 
-8115 
-8077 
-8021 
14872 
2076 
16806 
10682 
8436 
7662 
6351 
5162 
12909 
-7077 
-6983 

0.11 
0.101 
1.537 
44.9 
64.2 
2.216 

36 
58.0 
4.682 

24 
39.0 
3.46 
44.7 
53.4 
2.262 
43.2 
53.1 
2.595 
7267 
9405 
-6997 
-6997 
-6997 
-6997 
-6979 
-6960 
-6932 
-6875 
14888 
1307 
16563 
10816 
8088 
7703 
6555 
4957 
14004 
-6048 
-5991 
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Table U. Likslihood values for the final runs. where stry Wcates a survey 
and Fish indicates a fishary, W1 indicates frawl, sml indicates the <42 
capment of tha tri-ennial trawl swxey. 'Ltrl Vy Sml Q indicates the extra 
caapcplerrt for forcing the mean deviation to be near zero. me total likelihood 
is the sum of the individual crmponents weighted by the indicated ewhasis 
factors, emept using the altermate factors in the 
1~s. me stardard total ljJcelihocd is carpluted aftera runusing the star&& 

lox and the Age 0.- 

-iS factars aryl Z e r ~  -is M Wl Svy Sm Q. 

start V i r g i n  Rec Natural Mortality 
m p q e  

%= 8000 11000 1OX 0.U We17 M.13 Well -- 
TWl Svy sml 0.001 2.83 2.73 0.93 1.68 3.05 2.59 2.22 
Twl svy All 1 2.57 2.51 2.28 1.63 2.96 2.21 1.76 
N Pot Svy l(10) -20.2 -20.7 -7.3 -22.7 -19.0 -22.3 -23.9 
S Pot Svy l(10) -10.1 -10.4 0.0 -13.9 -7.5 -12.1 -13.8 

Age Capcsition 
F i x  Fish l(0.1) -82.7 -83.1 -83.2 -138.6 -85.8 -80.9 -78.1 
T W l  Fish l(O.1) -l38.7 -U2.9 -160.2 -281.,1 -144.4 -U4.7 -119.0 
N Pot Svy l(0.1) -135.6 -136.4 -130.4 -ll9.5 -139.2 -133.5 -132.8 

S i z e  Cmpcsition 
Fix  Fish 1 -66.0 -63.8 -57.7 -51.8 -62.8 -62.5 -63.5 
Twl F i s h  1 -48.4 -47.5 -33.2 -31.7 -44.6 -49.3 -52.3 

1 -191.0 -193.2 -206.8 -190.4 -190.3 -190.4 -187.7 
1 -345.2 -342.7 -433.0 -282.5 -366.4 -328.6 -314.7 

s=Svy 1 -38.1 -55.2 -37.5 -41.0 -41.0 -57.5 -42.8 

ml Svy 
NPotsvy 

other 
T W l  Svy Sm Q vary -0.008 0.000 -0.013 -0.003 -0.003 -0.004 -0.010 
StoCk-Recr 0.001 -13.9 -4.6 -36.4 -51.6 -18.6 -13.0 -24.6 
Tag  turn 1 -69.7 69.5 -77.2 -75.0 -71.7 -68.6 -67.8 

Tatdl -1143.2 -1152.8 -1291.8 -761.5 -1169.9 -1128.3 -1095.2 

std. Total -1143.1 -1152.8 -1224.3 -1246.6 -1169.7 -1128.2 -1094.8 
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Table U. 
virgin 8000, 2 = start virgin 11000, 3 = lox pot aphasis, 4 = 0 . U  age amp 
enphasis, 5 = natural. mortality 0.17, 6 = natural mortality .U, 7 = naturdL 
m o r t a l i t y  .ll. 

Findl lam: 1 2 3 4 5 6 7 

Estimates of the Mlthern pot index for the 7 final runs: 1 = s tar t  

Year 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 

NorthernpotIndex 

10.6 10.5 11.6 11.0 11.0 10.2 9.8 
10.3 10.5 10.4 11.5 10.9 10.9 10.1 9.8 

10.3 10.3 ll.3 10.7 10.8 9.9 9.6 
10.1 10.1 11.1 10.5 10.5 9.8 9.4 
9.9 9.9 10.8 10.3 10.3 9.6 9.2 
9.6 9.7 10.5 9.9 10.0 9.3 9.0 
9.0 9.1. 9.7 9.1 9.4 8.7 8.3 
8.5 8.6 9.1 8.6 8.9 8.2 7.9 
8.3 8.5 8.9 8.3 8.8 8.1 7.7 

11.4 8.0 8.1 8.2 7.8 8.4 7.7 7.4 
6.8 7.8 7.9 7.8 7.6 8.1 7.7 7.5 
4.8 7.7 7.8 7.9 7.4 7.9 7.7 7.6 

7.9 7.9 8.7 7.6 7.9 8.0 8.0 

7.4 7.4 7.5 7.4 7.1 7.6 7.8 
7.4 6.7 6.7 6.2 6.9 6.3 7.0 7.3 

6.0 5.9 4.9 6.4 5.4 6.3 6.7 
2.8 5.5 5.5 4.0 5.8 4.9 6.0 6.4 

5.7 5.6 3.9 6.1 4.9 6.2 6.8 

obs estimated 

10.6 7.9 7.8 8.4 7.7 7.7 8.0 8.1 
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Table l3. Estimates of the biarrass at ages 3+ (mean within year) for the 7 
findl m: 1 = Start 8000, 2 = start 11000, 3 = 1Ox pat 
-is, 4 = 0.lx age canp -is, 5 = ~turdl mortality 0.17, 6 = natural 
m i t y  .l3, 7 = ~turdl mortality .11. 

Run: 1 2 3 4 5 6 7 
Year B i m a s s  at Ages 3+ 

70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 

175601 
174976 
172376 
169049 
165159 
159302 
146491 
l35798 
l30481 
ll8499 
117462 
106553 
109895 
107402 
100987 
94512 
86159 
76962 
78621 

174880 
174245 
171957 
168974 
165441 
159931 
147420 
l370l3 
l31993 
120226 
ll7973 
108703 
110655 
107799 
100883 
94272 
85861 
77091 
78524 

162954 
162198 
159724 
156495 
152680 
146843 
l33862 
122966 
ll7570 
105235 
99852 
88188 
99999 
94316 
85237 
76898 
63900 
52198 
47829 

145019 
144398 
142136 
l39180 
l35673 
l30234 
117857 
107687 
102703 
91057 
90491 
79737 
81788 
82501 
77027 
72176 
70171 
58620 
65094 

175585 
174991 
172428 
169187 
165423 
159762 
147275 
l37057 
132262 
120875 
120029 
107373 
109630 
1060ll 
97724 
89715 
79608 
69142 
67906 

8-56 

174899 
174210 
171835 
168716 
165008 
159240 
146295 
l35307 
129697 
117273 
116570 
106936 
ll1215 
107129 
102507 
96736 
89641 
81948 
85474 

174895 
174155 
171702 
168460 
164591 
158580 
145218 
l33669 
127462 
114344 
114065 
104653 
109214 
106180 
102225 
97607 
91878 
85046 
90624 



Table 14. 
a t  age) for the 7 final rims: 1 = start virgin 8000, 2 = start virgin 11000, 3 
= 1Ox pot enphasis, 4 = 0.- age ccmp enphasis, 5 = natural mortality 0.17, 6 = 
~tural mortality .13, 7 = natural mortality .U. 

Ehm: 1 2 3 4 5 6 7 

of the fishing mortality for ages 5+ (weighed by n\rmbers 

Year 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 

Fkihhq Mortality at ages 5-t - 
0.023 0.023 0.025 0.028 0.023 0.023 
0.025 0.025 0.027 0.030 0.024 0.025 
0.043 0.043 0.047 0.052 0.043 0.044 
0.035 0.035 0.038 0.042 0.035 0.036 
0.053 0.053 0.058 0.064 0.053 0.054 
0.068 0.068 0.075 0.083 0.068 0.069 
0.166 0.167 0.187 0.206 0.166 0.170 
0.068 0.068 0.076 0.086 0.067 0.070 
0.104 0.104 0.116 0.l32 0.102 0.107 
0.202 0.202 0.232 0.261 0.199 0.207 
0.081 0.080 0.094 0.106 0.079 0.082 
0.102 0.102 0.117 0.134 0.101 0.103 
0.168 0.168 0.187 0.221 0.168 0.171 
O.l.35 O.l.36 0.147 0.178 0.137 0.l36 
O.l.38 O.l.39 0.167 0.177 0.142 0.138 
0.151 0.153 0.194 0.193 0.160 0.150 
0.153 0.154 0.211 0.192 0.165 0.149 
0.157 0.159 0.238 0.196 0.175 0.150 
0.126 0.128 0.199 0.156 0.144 0.119 

0.024 
0.026 
0.045 
0.037 
0.055 
0.071 
0.172 
0.072 
0.110 
0.214 
0.085 
0.106 
0.175 
0.138 
0.140 
0.150 
0.147 
0.146 
0.114 
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Northern Pot index 
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Figure 3.5. Noahern pat index: abserved ard estimated. 
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Figure 16. B i m a s s  at age 3+ in final runs. 
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bicxrrass levels, hi- ending bicrrmass levels, and better werall f i t s  to the 
model. Hawwer, 1- natural m o r t a l i t y  seems unrealistic because of further 
degradation in the f i t  to the pot index and because of the low estimate of 
v h y h  recruitmnt relative to mean 1977-1985 recruitment. 

Ihe f o l l d n g  detailed description of the model's ability to f i t  the data is 
based only on run 1 above. 

?he estimated selectivity pattenzs are described in Figures 18-19 and Table 15. 
Selectivity by the tri-ennial surveys is Doaxirmrm a t  the s i z e  mcde of the age 1 
fish. 
w i t h  maximnu selectivity &ing for ages 4-6. Laxye, old fish are most 
selected by the fixed gear fishery. Note that for the older fish, the two 
sexes are more similar in age-specific selectivity than in s i zespec i f i c  
selectivity, especially for sizes greater than L . 
following -. Most of the decline in selectivity for larger older fish 
must be 
es. The older males mst tend to M J V ~  offshore w i t h  similar aged females 
rather than remain in ndd-depths with similar sized f d e s .  Because most of 
the pattern ocaured for fish largerthan L , we'shauld in the future d e  
nrodel sensitivity to the variance in size a t  age. 

?he interaction between these selectivity patterns and the normal distribution 
of s i z e  a t  age produces -le estimates of mean s i z e  a t  age that are biased 
relative to the poplation mean size at  age (Figure 2 0 ) .  The tri-ennial t r a w l  
survey is relatively unbiased for  the age 1 fish, the t r a w l  fishery and pot 
surveys are good estimators for mean s i z e  a t  age 5, and the fixed gear fishery 
should do a g a d  job for the age 1Dc fish. A sense of the accuracy of the 
assumptions which lead to this result  can be obtained by examining Figure 21. 
In  1986, the mean size of young female sablefish was averestimated in both 
t r a w l  and fixed gear saqles, the mean s i z e  of older female sablefish was 
unlerestimated by the predicted amount in the t r a w l  samples, and the mean s i z e  
of older female sablefish w a s  correctly estimated by the fixed gear samples. 

Selectivity is similar for the two pot surveys and the t r a w l  fishery 

Qxis is sensible for the 

to offshore movement, aut of the range of MIst surveys and fisheri- 

Deviations in Male1 Fi t  

patterns of deviations in the f i t  to the diverse data are presented in wles 
16-19. ~n excellent f i t  is obbmed * for the tri-ennial t r a w l  surveys (Table 
16). 
for the small fish Ccwponent and 0.145 for the entire s ize  range. 
able to abtain a g a d  f i t  to these obsemations because each observation is 
ccPnposed primarily of one yearclass. 
parameter (one estimated recruitnmt) to get a good f i t  t o  each survey. 
that for the trawl survey (small), the mcdel is only attemptug * to force Q t o  
be near 1.0 and it gives n i l  arphasis to year t o  year variations in this 
component. 

The model is less able t o  f i t  fluctuations in the pot indexes because a t  least 
5 ages contribute strongly to  this index. The model is not able to track the 
two fold decline from 79 to 81, the two fold increase fram 81 to 83, then the 

The standard deviation of the log(abserved/expeckd), SD, was only 0.117 
T h e  mcdel is 

-fore, the m a i d  need adjust only one 
N o t e  
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Size-Specific Selectivi ty 
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Figure 20. Gi.lculated bias in mean s i z e  at age for each type of sampler. 
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Mean Size of Female Sablefish 
in pats and longline 

85 , 

e 
P - 
0 

0 
N 
v) 

C 
0 

- 

J 

40 Y 

0 

P - 
0 

0 
H 
VI 
C 
0 

- 

f 

3 5 ~ [ 1 1 1 , , , ~ 1 1 , , , 1 1 , 1 ,  

1 3 5 7 9 1 1  13 15 17 19 

in trawls 

75 

70 

65 

60  

55 
0 

50 

45 

40 

75 - 
70 - 
65 - 

60 - 
55 - 

50 - 
45 - 

. . , I I , , I / , I ( [ [  
3 s j  , , , , 

1 ? 3 5 9 1 1  13 15 17 19 

Figure 21. 
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10.6 7.8 8.6 
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6.0 4.6 6.3 
2.8 5.5 6.0 

5.6 6.3 
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Q .99 .87 5387.58 4831.30 
PN -.m -. 016 -.a -. 06 
9> .u7 .I45 .39 .37 

B-66 

195161. 175473. 
194200. 174845. 
191554.172243. 
188188. 168914. 
184214.16Me3. 
178360.199185. 
l654l3.146353. 
wQ3.13#89. 
154239. m. 
137460.118399. 
u5096. Urn. 
337393. u36415. 
urn. m. 
123266. m. 
u5424.100851. 
m 4 .  94375. 
1(332332. 8am. 
97ao. 76840. 
m. 78501. 
93178. 77232. 
91651. 79972. 
90098. 74990. 

.ow 

.m 

.a?4 

.m 

.ai7 

.m 

.1# 
,045 
.oBs 
.E7 
.a62 
.Eo 
.m 
.075 
.m 
.080 
.m 
.m 
.on 
.a 
.an 
.074 

.&o 

.OM 

.a30 

.a 

.ae7 

.a32 

.a36 

.a39 

.c64 

.OB5 

.a7  

.0€6 

.El 

.m 

.la 

.m 

.m 

.m 

.a5 

.a5 

.m 

.m 

77. 
78. 
m. 
124. 
m. 
u5. 
129. 
140. 
291. 
281. 
187. 
330. 
m. 
312. 
316. 
239. 
324. 
364. 
272. 
258. 
253. 
252. 



Table 17. observed and estimated tag returns. Estimated returns are 
calculated fmn the time series of F and Z for ages 5+ i n  the years following 
the release. For presentation, the expeckd proportion of returns in each 
subsequent year is multiplied by the total number of tags actually returned 
f m  that release. 

Release Returns in Y e a r  
Year F Z 77 78 79 80 81 82 83 84 85 86 87 

76 .167 .317 E: 50 55 72 19 17 19 10 7 5 3 2 
sum 

0: 30 38 85 16 22 32 21 7 6 3 4 264 

77 .068 ,218 

78 .lo4 .254 

79 .202 .352 E: 
0: 

80 .081 .231 E: 
0: 

81 .lo2 .252 E: 
0: 

82 .168 .318 E: 
0: 

83 .I35 .285 E: 
0: 

84 .138 .288 

85 .152 .302 

86 . l 5 3  .303 E: 
0: 

24 21 24 13 9 6 
26 26 20 10 9 10 

120 134 72 50 37 
121 104 137 26 27 

51 27 19 14 
57 27 8 16 

17 12 9 
23 7 6 

5 4  
5 5  

4 
2 

25 
32 

9 
16 

6 
10 

2 
2 

3 
4 107 

17 
10 457 

6 
4 128 

4 
3 49 

1 
2 14 

54 
54 54 

87 .157 .307 
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Table 18. Deviations in age ccanposition for the final run. are: 1 
fixed gear fishery, 2 - t r a w l  fishery, 5 - northern pot m e y .  lXKE/F'ISH is 
the likelihood for that type of data divided by the total rnrmber of fish aged. 

YEARTYPE SM 
83 5 1 
83 5 2 
85 5. 1 
85 5 2 
86 1 1 
86 1 2 
86 2 1 
86 2 2 
87 1 1 
87 1 2 
87 2 1 
87 2 2 

T Y P E S E X  

1 1  
1 2  
2 1  
2 2  
5 1  
5 2  

- m m -  
OESERv Emxr 
4.86 5.30 
4.94 5.32 
5.02 5.61 
4.60 5.66 
7.32 6.93 
6.67 6.65 
6.16 5.41 
5.00 4.99 
8.47 6.98 
7.99 6.66 
6.48 5.18 
5.13 4.66 

DEVIATE -. 44 
-.38 -. 59 
-1.06 
.39 
.03 
.76 . 01 
1.48 
1.34 
1.31 
.47 

MEAN 
DEVIATE 

.93 

.68 
1.03 
.24 

-.52 
-.72 
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LIKE 
-9.46 
-49.16 
-31.41 
-45.49 
-2.08 
-3.48 
-21.26 
-9.92 
-45.61 
-31.68 
-81.74 
-26.01 

-/ 
FISH -. 13 
-.08 
-.13 
-.04 -. 06 -. 13 



Table 19. Deviations in size  a q o s i t i o n  in the findl run. Types are: 1 
fix& gear fishery, 2 - trawl fishery, 4 - trawl survey, 5 - northern pot 
survey, 6 - southem pot surrey. 

YEAR= 
71 
71 
79 
79 
80 
80 
80 
80 
81 
81 
83 
83 
83 
83 
84 
84 
85 
85 
86 
86 
86 
86 
86 
86 
86 
86 
87 
87 
87 
87 
87 
87 

5 
5 
5 
5 
4 
4 
5 
5 
5 
5 
4 
4 
5 
5 
6 
6 
5 
5 
1 
1 
2 
2 
4 
4 
6 
6 
1 
1 
2 
2 
5 
5 

1 
1 
2 
2 
4 
4 
5 
5 
6 
6 

SM 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 

1 
2 
1 
2 
1 
2 
1 
2 
1 
2 

OBSERV 
55.36 
63.11 
54.24 
60.89 
41.19 
42.89 
53.19 
57.94 
52.78 
58.45 
42.31 
44.22 
51.42 
56.40 
51.50 
56.12 
51.41 
54.29 
56.03 
60.07 
52.37 
53.20 
40.44 
46.31 
51.42 
56.92 
56.05 
61.93 
50.68 
51.69 
51.98 
56.58 

EXPECT 
53.52 
59.23 
52.81 
57.82 
40.58 
43.84 
52.63 
57.61 
52.63 
57.49 
42.02 
45.78 
52.28 
56.77 
51.65 
55.68 
52.78 
57.69 
56.71 
61.76 
52.01 
54.63 
40.63 
43.97 
52.05 
56.47 
56.75 
61.71 
51.45 
53.55 
52.77 
57.63 

I2imxrE 
1.83 
3.88 
1.43 
3.07 
.61 

-.95 
.55 
.33 
.16 
.96 
.29 

-1.55 
-.86 
-.36 -. l5 
.45 

-1.36 
-3.40 -. 68 
-1.69 
.36 

-1.42 
-.20 
2.35 -. 63 
.46 

-.71 
.22 -. 77 

-1.86 
-.79 
-1.05 

MEAN 
DEVIATE 
-.70 
-.74 
-.21 
-1.65 
.23 -. 06 
-14 
.49 

-.39 
.45 

LIKE 
-30.51 
-44.44 
-33.38 
-34.89 
-23.91 
-52.78 
-3.85 
-7.09 
-8.30 
-31.08 
-12.56 
-29.88 
-14.15 
-11.07 
-2.53 
-12.14 
-34.35 
-61.85 
-19 * 91 
-14.76 
-7.45 
-13.14 
-10.11 
-61.74 
-12 * 00 
-11.38 
-15.63 
-15.69 
-6.43 
-21.25 
-16.34 
-13.86 

=/ 
FISH 
-.04 
-.04 -. 02 
-.04 -. 04 -. 13 -. 05 
-.08 
-.02 
-.03 
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Table 20. RecmibnaIt deviations for the final model. Q is the ratio of the 

lcg(estimate/expct). SD is the standard deviatian of lcg(estimate/apct). 

V-in spawning bianass = 102686.6 mt of females 

meanestimatetothemeane%pect&. MNisthemeanofthe 

9522.4 thausand per Sex 

Year- 
class 
77 
78 
79 
80 
81 
82 
83 
84 
85 

Estimate 
15277. 
2075. 
16854. 
12858. 
7830. 
8011. 
6214. 
4770. 
12103. 

Ex==t 
8929. 

8776. 
8525. 
8488. 
8436. 
8296. 
8221. 
8154. 

8874 

Q = .892 MN = -0.047 

0.889 

Ratio 
.54 

-1.45 
.65 
.41 

-.08 
-.05 
-.29 
-.54 
.39 

SD = .663 
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three fold decline frow 83 to  87. W i t h  higher euphasis on the pot index the 
model achieves sanewhat better tracking (Figure 15),  but the SD for the pot 
ixkx  remains abave 0.3 as canpared to the average coefficient of variation, 
0.16, for the 1983, 1985 and 1987 lxlrthern pot indexes . ?henorthernand 
southern pot index are surprisi.qly similar. 
selectivity patterns (Figures 18-19), similar catchability coefficients, Q, 
5388 vs. 4831, and the chmard trend f m  83-87 seems even more apparent when 
the two sumeys are plotted wether (Figure 9 ) .  Ihe observed fluctuations in 
the pot index have shown good caherence along the coast, so changed distribu- 
tion probably has not caused the fluctuations and the redl cause remains an 
enigma. With the moderately strrmg 1985 year class enter- the size range 
available t o  the pot index, the model predicb a leveling off of the pot index 
values. A southern pot W e y  is tentatively scheduled for autumn of 1988; the 
model predicts t ha t  the index value w i l l  be 6.3 (approximate 95%CI based on 
S M . 3 7  3.0 - 13.2). 
Ihe pattern of tag returns was w e l l  matched by the model (Table 17). 
largest deviation oczurred for tags released in 1980 and returned in 1983, the 
returns were nearly t w i c e  the eqectal. 
to the deviations. 

They have similar size-specific 

Ihe 

Overall them were no obvious patterns 

patterns i n  the age and size a x p s i t i o n  data are more difficult  to display 
becuase of the great volume of data (Table 18-19),. 
mean age and overestum ' te mean s ize  in the f i s h q  samples, especially in  1987. 
Wan age is overestma * ted for the northem pot survey samples and mean s i z e  is 
underestimated i n  these samples, especially in the early years. 
age ampxit ion data for the trawl survey or  the southern pot index and the f i t  
to the size camposition data from these surveys seems unbiased. 
likelihood for each type of age or s ize  coxycsition data depends on the number 
of observations and the llLrmber of fish per observation. 
hoods are divided by the total number of fish, we see that the size canpsi- 
tions are f i t  more precisely than the age ampsi t ions and that male s ize  
campositions tend to be fit more precisely than f e e  size ccanpositions. 

F i t  to the spawner-recruitrent relationship is given n i l  weighting in  the 

has happened to the sablefish stock (Table 20). As spawning biamass has 
decreased! the model predicts that recruitments should have declined fm 8929 
thousand m 1977 to 8154 thcusard in 1985. However, the mcdel estimates that 
d t m m t  was better than Average 
recruimb occurred i n  1981 and 1982. poor recnritments occurred in 1978, 
1983 and 1984. 

The estimated sablefish population a t  the winning of 1988 is presented in 
mle 21. 
to forecast the near term changes in the stock and stock equilibrim as a 
function of different levels of fishing effort. 

The mcdel undereshtes 

There are no 

The log 

when the log likeli- 

mcdel, but patterns of deviations still contribute to our und- ofwfrat 

in 1977, 1979, 1980, and 1985. 

These values and the estimated selectivity functions are used below 
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Table 21. Estimated ppulation at the bqinning of 1988 in the final run. 

2GE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
l2 
l3 
14 
15 
16 
17 
18 
19 
20 

MAWS FEMALES- 
bmmms 
7908.9 
6683.0 
8083.9 
2463.0 
2400.0 
2280.0 
1629.9 
1973.1 
1946.3 
183.2 
1037.9 
479.7 
377.2 
299.4 
237.7 
190.0 
153.1 
125.3 
103.9 
614.3 

B I m  
3938.7 
4789.3 
7629.8 
2876.6 
3314.3 
3597.3 
2862.0 
3777.5 
3997.6 
398.5 
2366.3 
1136.7 
922.5 
751.8 
609.9 
496.2 
406.0 
336.2 
281.8 
1710.2 

2 
.181 
.206 
.237 
.264 
.280 
.287 
.288 
.286 
.283 
.280 
.277 
.274 
.271 
.269 
.267 
.265 
.264 
.263 
.262 
.259 

NuMBEBs 
7908.9 
6671.0 
7938.9 
2356.1 
2248.3 
2119.3 
1524.5 
1866.6 
1877.6 
181.5 
1048.6 
489.3 
390.9 
315.7 
253.4 
205.3 
168.5 
140.7 
119.1 
747.4 

T(3TAtN 77741. 
T(3TAt BImA!= 107518. 
SPAWNING BICWS 33532. xJ% 3+ BICWS 89636. 
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SI- 
3938.7 
5215.3 
8757.6 
3404.9 
4031.8 
4527.2 
3758.8 
5181.2 
5751.7 
603.8 
3738.1 
1849.2 
1551.9 
1307.2 
1086.8 
907.7 
764.4 
652.4 
,562.5 
3727.2 

z 
.182 
.219 
.259 
.282 
.288 
.286 
.281 
.275 
.269 
.265 
.261 
.258 
.255 
.253 
.251 
.249 
.248 
.247 
.246 
.243 



Results f r m  the synthesis model were used to A t e  equilibrium yield and 
stock s ize  for a range of levels of fishing m o r t a l i t y .  
we calculated the equilibrium mrmber-at-age vectors at each level of F by 
defining the equilibrium stock as a function of the Tl\ms3er of a g e 1  
females, N1: 

Follawing Getz (1980), 

SPB = E ENa * PCIMAT, * Waz] 
a 

+ N1 * -20 * w20,2 * 
19 

J=l 
e(T-Fj) / ( 1 - e ( 3 0 - ~ 2 0 ) )  

= N1*SPSUM 

py sukstitutirq N *SESUM for SpB in the s t c c k - d t m e n t  relationship and 
solving far N ~ ,  tiL number of remits was expressed as a function of F: 

N1 = VSPB * (VR * SFSUM/VSFB + DD - 1)/ (DD * SP!3JM) 

Ihe rnmbers a t  age 1 for males is assumed to be the same as the numbers for 
females. 
Equilibrium yield was calculated fram the catch ecpation described earlier 
except that weight of age-A fish in the catch was obtained f m  the length- 
weight relationship using the estimated mean 1- of age-A, M-S fish 
captured by g- type T. 

W e  cdlculated equilibrium mrmber-at-age vectors and associated yields for a 
range of t r a w l  and fixed gear F ccmbinations. ?he resulting matrix  of yield 
values was used to produce response surface plots, w i t h  plot amtours repre- 
Serrtirrg levels of equilibrium yield or  the percentage of totdl yield due to 
t r a w l  gear (Figures 22-25). ?he shape ard elevation of the response surface 
for tatdl yield was similar for the seven cases examined , but substantially 
different for the constant (DD.1.000) and Beverbn-mlt ( m . 8 8 9 )  stock- 
recruitrent cases. As in an earlier study (Francis 1985), highest yields w e r e  
obhined WfiM fishing was limited to fixed gear vessels (Figures 22, 24). 
ccroparea to a fixed gear only fishery, MsY for the Beverton-Holt case was 929 
to 1,035 m t  l o w e r  for the seven cases ewmuled * when a 52:48 t r a w 1 : f i x e d  gear 
allocation was maintained. Note that this change i n  yield may provide an upper 
bound for the increaSe in yield that might  be obtained by increasixg t r a w l  mesh 
size.  

?he nunber of fish ages 2-20 was calculated f m  the number a t  age 1. 

W e  also calculated equilibrium yield a t  different total  Fs by solving itera- 
tively for the t r a w l  and fixed gear Fs that would result i n  a 52:48 t r a w 1 : f i X e d  
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gear allocation (Figures 26). Yield and stock bicanass cuzves for the seven 
cases were similar b shap and in magnitude. Yield curves for the two stcck- 
recruitment cases differed oansiderably, with totdl yield about 3-4 t h w  mt 
him the optimiSti.c CorMalt recruituent aSnrmption. Following Arancis 
(1986), we assumed that F[W] and F[0.1] were appropriate Fs for the Werton- 
Holt (lXFO.889) and constant recruimt cases (DIF1.000) respectively. For 
each stock-recruitment case, recaranended Fs and yields were similar for the 
seven Cases exarmned (Tables 22-23). For the densiwdpadent case, recum- 
mended total Fs (F[MSY]) were relatively lm (O.ll-0.14: less than M in 6 of 7 
cases). lhese conservative results apparently were obtain& because of the 
early age a t  fixst recruitment, relative to age a t  f i r s t  maturity. When canstant recruitnmt was assumed, reopwnended totdl Fs were substantially 
higher (0.16-0.21 for females). 

case, recarnrended equilibrium yields ranged frcnn 6,988 to 9,162 m t .  For the 
constat recruitment case, recanrmended yields raqed from 9,831 to 13,607 mt. 
Bicxnass levels at the mcamwd& Fs were similar for a l l  cases examined. 

Using the current 52:48 traw1:fixsd gear allocation, we solved iteratively for 
the t r a w l  and fixed gear Fs required to obtain constant catches of 8,000 t o  
12,000 mt frw! 1988 throslgh 1992 (Tables 24-25). 
ccxnpare the predicted short-term h p c t  of alternative AB2 levels. For the 
Eeverton-Holt case, the requhd Fs change slowly aver a 5-year horizon except 
i n  cases where the tanget harvest greatly exceded MSY (e.g. 12,000 m t  harvest 
for run 3). 
slightly aver the 5-year horizon. 

In both cases, mammn%d Fs were lowest for 
M.11 and hi- for the M4.15 and W . 1 7  Oases. For the Eeverton-Holt 

?hese FS Can be used to 

For the constant recruibmt case, required Fs varied only 

we obtained estimates of ABC by assuming a 1988 harvest of 10,000 m t  and a 
constant F in 1989-1990 equal to either F [ M ]  (m.889) or F[0.1] (DD=l.OOO). 
For a specified total F, we solved iteratively for the t r a w l  and fixed gear Fs 
that would result  in a 52:48 t r a w 1 : f i x e d  gear allocation. For runs 1, 2, 6, 
and 7 the total biomass 1988 is 8,000 - 16,000 mt greater than the biomss 
a t  MSY. For run 5 (mtural m o r t a l i t y  = .17) the current stock is essentially 
right on the bimass yielding MSY. 
age ccorrposition emghasis) the current biomass is below that proclucing SY. 
Predicted 1989-1990 biamass levels w e r e  similar for most cases ewmined; the 
lowest estimates w e r e  for the cases where the relative importance of the pot 
w e y  data w a s  increased (Tables 26-27). 
differences in 1989-1990 yield were due mostly to differences in the starting 
bicmass level. 
assumed level of naturdl mortality and that the F[MSY] is positively related to 
the assumed level of natural mrtality (Table 22). 
t w o  factors prcduces maximum a t  an in- 'ate level of ~turdl mortality, 
0.15. There were substantial differences in 1989-1990 yield for the two stcck- 
recLuitment cases, due to  the differences in F[MSY] and F[0.1]. 

'Ihe stock cculd be fished down t o  the B [ W ]  level more or less rapidly than 
the rate indicated by applying F[MSY] t o  the current stock. 
various fishing dmn scenarios. 
10,800 mt because of the recently released reserve. 
equal to 15,400 m t  then the B[MSY] level would be reached the following year. 
However, t h i s  would be a risky policy and would result in substantial over- 
fishing i f  our assesslnent has over-estirnated sablefish abundance. 

For runs 3 and 4 (high pot eqhasis or low 

For each stock-recruitroent case, 

Note that the biomass in 1988 is inversely related to the 

?he ambination of these 

Table 28 presents 
Here w e  have set the 1988 total catch a t  

If the AEC in 1989 was  set 
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r o o a  

7 0 0 0  

8 0 0 0  

a a o o  

- 0 0 0  

a 0 0 0  

1 0 0 0  
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0 . 0 0  0 .  o s  0 . 1 0  o . i a  0 . 1 0  o . z a  0 .  J O  o J I  
w * l l r r  

Figure 26. Upper panel: Equilibrium tatdl (solid line), trawl (do- line), 
and fixed gear (dashed line) yields as a function of xaxbum age-specific F for 
females (Fs  for f d e s  and males were essentially equivalent). 
Equilibrium total (solid line), q l o i t a b l e  (ages 3+, dotted line) , and female 
spawning (dashed line) bi-s as a function of IMximLrm agespec i f i c  F for 
fandles. 

mer panel: 

A 52:48 traw1:fixed gear allocation was assumed. 
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Figure 27. U p p e r  panel: Wibrium total (solid line), t r a w l  (aOttea line) 
a d  fixed gear (dashed line) yields as a functmn of maximum ag-ific F for 
females, assuming constant recruitmnt (A=l.OOO) . Lower panel: Equilibrium 
total (solid line), exploitable (ages 3+, dotted line) and female spa- 
(dashed line) biomass as a function of - age-specific F for females, 
assming constant r d t m n t  (A=l.OOO). A 52:48 traw1:fixe.d gear allocation 
was assumed. 
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9,522 0.089 0.079 0.130 0.131 8,198 82,676 26,990 67,a 
10,250 0.068 0.078 0.130 031 8,570 87,967 28,853 71,933 

8,947 0.m 0.m 0.130 0.134 7,454 74,897 24,423 6l,U 
11,861 0.m 0.- 0.140 0.141 9,1& 87,404 26,143 €9,307 
8,426 0.OsB 0.U74 0.320 0.121 7,695 85,848 30,948 R,46l 
7,267 0 . a  0.070 0.110 0.112 6,W 86,475 34,072 74,918 

9,716 0.068 0.088 0.140 0.14 7,849 78,330 25,842 63,s 
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Y[O.l] S[O.l] qo.1,3q 

0.m 0.m 0.190 0.191 
0.106 0.m 0.190 0.192 
0.UD 0.125 0.210 0.227 
0.112 0.112 0.190 0.m 
0.m 0.116 0.210 0.m 
0.095 0.m 0.180 0.182 
0.079 0.m 0.160 0.162 

?3,890 66,871 
2!5,(M @,&6 

22,322 66,693 
25,842 67,378 
28,744 89,073 

21,356 59,170 
a,m w n  
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Table 24. TotdL F for femdle sablefish required to aMain yields of 8,000 to 
U,OOO m t  in 1988-1992, assming a Werton-Holt stock recnLitmmt 
relationship (M.889). 

Yield Year 
Ihrn (mt) 1988 1989 1990 1991 1992 

1 (best, Start=8000) 

2 (best, Start=llOOO) 

3 (lox pat suzv abund) 

4 (0.U all age cap) 

5 (M.17) 

6 (M.13) 

7 (M.11) 

8,000 0 . U  0.110 0.109 0.108 0.108 
9~000-0.127.0.126 0.126 0.127 0.128 
10,000 0.142 0.143 0.145 0.147 0.150 
11,000 0.157 0.160 0.164 0.169 0.175 
12,000 0.172 0.178 0.185 0.194 0.203 

8,000 0.114 0.112 0.110 0.109 0.108 
9,000 0.129 0.128 0.128 0.128 0.128 
10,000 0.144 0.145 0.146 0.148 0.150 
11,000 0.160 0.162 0.166 0.170 0.175 
12,000 0.175 0.181 0.187 0.195 0.203 

8,000 0.198 0.194 0.189 0.186 0.185 
9,000 0.225 0.225 0.223 0.224 0.228 
10,000 0.252 0.257 0.262 0.269 0.280 
11,000 0.280 0.292 0.304 0.322 0.346 
12,000 0.309 0.329.0.352 0.384 0.430 

8,000 0.133 0.129 0.128 0.129 0.131 
9,000 0.150 0.149 0.150 0.153 0.157 
10,000 0.168 0.169 0.173 0.179 0.188 
11,000 0.186 0.190 0.198 0.209 0.223 
12,000 0.205 0.212 0.225 0.242 0.264 

8,000 0.127 0.124 0.121 0.118 0.116 
9,000 0.144 0.143 0.141 0.139 0.138 
10,000 0.161 0.162 0.162 0.162 0.163 
11,000 0.178 0.182 0.184 0.187 0.191 
12,000 0.196 0.203 0.209 0.215 0.223 

8,000 0.108 0.106 0.105 0.106 0.106 
9,000 0.122 0.121 0.122 0.124 0.126 
10,000 0.137 0.137 0.140 0.143 0.148 
11,000 0.151 0.154. 0.158 0.165 0.172 
12,000 0.166 0.171 0.178 0.188 0.200 

8,000 0.104 0.102 0.102 0.104 0.106 
9,000 0.118 0.117 0.119 0.122 0.125 
10,000 0.132 0.133 0.136 0.141 0.147 
11,000 0.146 0.148 0.154 0.162 0.171 
l2,OOO 0.160 0.165 0.173 0.185 0.199 
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Table 25. l’btal F for female sablefish requhd to obtain yields of 8,000 to 
12,000 mt in 1988-1992, a s s d n g  COIlstant d- (Prl.000). 

Yield Year 
(mt) 1988 1989 1990 1991 1992 

1 (best, -000) 

2 (best, S h r t = l l O O O )  

3 (lox pot surv abmd) 

4 (0 .U all age canp) 

5 (N4.17) 

6 (M.13) 

7 (W.11) 

8,000 0,112 0.110 0.108 0.104 0.101 
9,000,0.127 0.126 0.125 0.122 0.119 
10,000 0.142 0.143 0.143 0.141 0.139 
11,000 0.157 0.160 0.162 0.162 0.161 
12,000 0.172 0.178 0.182 0.185 0.186 

8,000 0.114 0.111 0.108 0.104 0.100 
9,000 0.129 0.127 0.125 0.122 0.118 
10,000 0.144 0.144 0.144 0.141 0.138 
11,000 0.159 0.162 0.163 0.162 0.160 
12,000 0.175 0.180 0.184 0.185 0.185 

8,000 0.197 0.192 0.182 0.169 0.156 
9,000 0.224 0.223 0.215 0.202 0.189 
10,000 0.252 0.255 0.251 0.241 0.228 
11,000 0.280 0.290 0.292 0.286 0.275 
12,000 0.308 0.327’0.337 0.338 0.333 

8,000 0.132 0.129 0.126 0.123 0.119 
9,000 0.150 0.148 0.147 0.145 0.142 
10,000 0.168 0.168 0.169 0.169 0.168 
11,000 0.186 0.189 0.193 0.197 0.198 
12,000 0.204 0.211 0.219 0.227 0.232 

8,000 0.127 0.124 0.119 0.112 0.105 
9,000 0.143 0.142 0.138 0.132 0.125 
10,000 0.160 0.161 0.158 0.153 0.146 
11,000 0.178 0.181 0.180 0.176 0.170 
12,000 0.195 0.202 0.204 0.202 0.197 

8,000 0.108 0.106 0.104 0.102 0.100 
9,000 0.122 0.121 0.120 0.119 0.118 
10,000 0.136 0.137 0.138 0.138 0.138 
ll,OOO 0.151 0.153 0.156 0.158 0.16 
12,000 0.166 0.170 0.176 0.180 0.184 

8,000 0.104 0.102 0.101 0.101 0.100 
9,000 0.118 0.117 0.117 0.118 0.119 
10,000 0.132 0.132 0.134 0.137 0.139 
11,000 0.146 0.148 0.152 0.157 0.161 
12,000 0.160 0.165 0.171 0.179 0.186 
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Table 26. Projected yield and total bicollass asslllning a 1988 W e s t  of 10,000 

relationship was assumed (A4.889). 
mt d 1990-1991 Fs equal to FIMSY]. A Werton-Holt stock-recruitment 

Run BC 88 1 
1 (best, -000) 94,694 
2 (best, Sbr t= l lOOO)  95,317 
3 ( lox pat surv ablm3) 62,470 
4 (0.U all age canp) 78,822 
5 w . 1 7 )  87,056 

7 0 . w  102,312 
6 w-w 99,468 

9 , u 7  
9,021 
5,688 
7,825 
8,720 
8,800 
8,352 

93,324 
94,230 
61,811 
77,971 
86,502 
98,065 

100,944 

9,127 
9,057 
6,090 
7,900 
8,864 
8,779 
8,316 

92,386 
93,635 
63,351 
77,840 
86,695 
97,094 

100,056 
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Table 27. Projected yield and total biorrmass assLmLing a 1988 harvest of 10,000 
mt anrl 1990-1991 FS equdl to Fr0.11. Constant b m t  was assumed 
(A=L 000) . 

B[88] Y[89] B[89] Y[90] B[90] 

1 (best, Start=8000) 94,694 13,061 92,912 12,602 90,430 
2 (best, S t a r b l l O O O )  95,317 12,897 93,985 12,519 92,018 
3 (lox pot surv abmd) 62,471 8,353 62,670 8,749 64,581 

5 m . 1 7 )  87,056 12,756 86,580 12,513 85,850 
6 (WO.13) 99,467 12,904 97,330 12,407 94,244 
7 (M4.11) 102,311 11,916 100,281 11,502 97,406 

4 (0.n all age amp) 78,822 11,187 78,107 10,930 77,144 
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Wle 28. Alternative scenarios for fishing the west coast sablefish stock 
dawn to the B [ W ]  level. T h e  harvest in 1988 is assumed to be 10,800 mt. 

0. u 0.14 0.15 0.17 0.19 0.23 
Year 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 

9000 
9000 
9000 
8900 
8900 
8800 
8700 
8700 
8600 
8600 
8500 
8500 
8500 
8400 
8400 
8400 
8400 
8300 
8300 
8200 

9700 10400 11600 12900 15400 
9600 10200 ll.300 12300 8200 
9500 10000 10900 8200 
9400 9800 8200 
9300 9600 
9200 9500 
9000 8200 
9000 
8900 
8200 
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W u s i m  

The most likely scenario for sablefish is described by run 81 which strikes a 
comprdse be- the decline in the pot index and the relatively high 
frequency of old fish i n  the 1987 fishery samples. The mean total bicunass 
during 1988 was 94,700 mt and the age 3+ bhnass was 78,600 mt. The bianass 
levels a t  the beginning of the year were  107,500 and 89,600 mt, respectively. 
The total F imposed by a 10,000 mt fishery will be 0.14. W e  projected future 

levels using both constant recluitment and Werton-Holt stock- 
recruitment functions. Although we do not yet have evidace of d e c l h h g  
recruitment a t  lower spawner bianass levels, we note that the spawning bi-s 
a t  Msy is only a b u t  25% of the virgin spawning bimass. T h i s  large reduction 
in spawning bicunass prabably occurs because the fish are available to the trawl 
fishery sevexal years before they mature. A prudent ccurse of action is to 
u t i l i z e  the Wertm-Holt -bent function t o  estimate potential yield fram 
the stcck. 
for this stock is 8,200 mt a t  a mean age 3+ bicxnass of 67,800 mt. An AE!C of 
9,100 m t  is indicated by applying the F [ W ]  to the current stock structure. 
A t  this level of fishing mortality, and i f  there are no great deviations i n  
recruitment, the stock would be near the b~cPaass yielding MY in about 20 years 
and the ABC would be reduced to 8,200 mt. 
account for trawl discards -ing after the end of the season or additional 
discanling caused by restrictive t r i p  limits. subsequent analyses w i l l  account 
for these factors, but we note here tha t  total fishery-induced mr ta l i ty  w i l l  
be greater than the 9,100 m t  E, so the stock is being fished dawn t o  the 
B[MSY] level mre rapidly than predicted above. 

I f  a 52:48 traw1:fixed gear allocation is maintained, then the MY 

Our current assessment does not 
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pspendix Table 1. Age ccanposition data. 

Data taplate is: 
yeartype sex Naged 
agel 2 3 4 5 
11 12 l3 14 15-19 

8 9 10 6 7 
2 w  

83 5 1 
1.1 14 
2.5 1.9 
83 5 2 
0.4 29 
5.1 5 
85 5 1 
0.7 40 
7.4 2.4 
85 5 2 

1 75 
4.3 2.3 
86 1 1 
0.8 2.4 
6.2 3.2 
86 1 2 
0.6 5.5 
4.2 2.7 
86 2 1 
2.5 8.4 
4.0 1.8 
86 2 2 
7.0 16.6 
2.0 1.2 
87 1 1 
0.0 2.5 
2.9 4.0 
87 1 2 
0.1 2.5 
2.8 3.4 
87 2 1 
1.4 16.2 
2.4 2.5 
87 2 2 
2.3 22.0 
1.3 1.5 

216. 
51 57 
0 0 
326. 
32 115 
1.4 2 
661. 
101 137 
1.1 1.3 

113 111 
3.4 1.4 

4.6 7.8 
3.4 4.0 

6.0 8.8 
2.3 2.9 

8.8 12.7 
2.1 2.4 

12.0 11.2 
1.3 1.4 

3.5 3.9 
3.6 3.1 

4.8 5.4 
2.8 2.0 

10.5 7.3 
2.4 ' 1.5 

18.3 11.3 
1.4 0.6 

553. 

119. 

224. 

636. 

642. 

189. 

216. 

604. 

702. 

28 
2.7 

26 10 
1.1 

6.8 4.8 9.5 

8.4 7.6 0.8 

29 15 4.2 

20 8.7 6.5 

7.8 8.5 6.9 

8.4 6.3 5.0 

6.0 6.1 5.2 

5.1 2.7 2.7 

7.6 4.9 10.9 

9.7 8.5 13.1 

5.7 4.4 7.3 

4.2 4.1 5.0 

40 
3.9 

51 24 
0.7 

148 
0 

107 68 
0 

85 
0.7 

86 34 
1.0 

11.8 11.1 
1.1 

11.7 
8.7 

14.0 12.4 
2.8 

14.5 
3.7 

13.1 
5.4 

11.2 9.2 
1.0 

14.3 
1.6 

11.5 7.7 
1.7 

4.6 9.0 
22.4 

4.0 
13.1 

7.7 
10.6 

5.5 8.5 
12.7 

6.6 
6.9 

5.2 7.7 
12.1 

8.7 
3.4 

5.8 5.2 
4.9 
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Table 2. Size canposition data where s ize  is measured in an fork 
length. 

rata template is: 
y=tYPe= - 
32-35 36-37 38-39 40-41 42-43 44-45 46-47 48-49 50-51 52-53 
54-55 56-57 58-59 60-63 64-67 68-71 72-75 76-79 80-90 90- 

71 5 1 690. 

70.6 86.5 65.8 71.6 46.4 14.7 4.0 1.9 0.9 0.0 
71 5 2 1227. 
0.0 0.0 0.0 0.0 1.3 3.4 23.7 58.6 77.8 120.0 

101.0 91.9 58.3 144.0 155.0 132.0 115.0 80.2 63.6 1.3 

0.0 0.0 0.0 0.0 1.3 18.5 39.2 75.1 108.0 85.8 

79 5 1 1138. 
0.0 0.0 0.0 0.0 4.9 52.6 1.59.5 301.8 444.1 584.8 

584.1409.8 250.8 245.7 48.6 7.3 4.0 0.0 0.0 0.0 

0.0 0.0 0.0 2.0 6.1 36.4 76.5 U5.2 180.9 235.2 
257.9 243.2 256.2 4ll.3 327.4 290.7 145.0 88.0 54.0 15.0 

79 5 2 1079. 

80 4 1 338. 
108.7 243.7 286.1 147.3 51.7 37.4 97.7 85.1 46.1 24.6 
6.3 4.2 0.9 1.3 0.1 0.9 0.6 0.0, 0.0 0.0 

42.6 171.1 261.2 145.6 46.2 27.1 71.3 129.4 76.0 42.6 
13.5 8.3 2.4 4.2 0.2 0.3 0.6 0.9 0.6 0.0 

ao 4 2 328. 

ao 5 1 1050. 
0.0 0.0 1.0 0.0 14.4 85.5 245.9 437.0 503.2 452.8 

376.8 256.1 161.3 197.8 67.5 8.3 2.5 0.0 0.0 0.0 

0.0 0.0 0.0 7.0 3.6 29.5 129.1 227.0 305.8 317.2 
80 5 2 888. 

283.2 169.9 147.7 219.2 170.5 138.7 107.5 76.0 41.0 6.0 
81 5 1 755. 
0.0 0.0 0.0 1.0 9.0 43.3 156.9 312.9 365.9 346.7 

219.0 144.1 72.4 93.3 38.4 11.2 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 0.0 6.7 48.1 94.1 176.1 227.3 
219.0 141.9 142.6 144.7 117.6 75.8 75.0 41.0 27.0 0.0 

81 5 2 655. 

83 4 1 1584. 
304.1 516.0 423.8 248.9 4u.i 354.5 226.6 171.5 108.4 57.1 
54.6 17.5 18.8 13.7 10.2 7.5 .5 0.0 0.0 0.0 
83 4 2 1784. 
195.9 451.2 286.7 218.3 335.6 428.2 325.6 234.3 165.2 135.2 
60.1 45.4 39.6 38.3 12.6 5.6 4.9 3.0 1.3 0.0 
83 5 1 250. 
0.0 0.0 2.0 U.0 35.2 79.8 180.3 283.5 337.0 209.6 

175.6 81.2 54.2 46.4 6.6 0.0 0.0 6.5 0.0 0.0 
a3 5 2 350. 
0.0 0.0 2.0 0.0 11.7 53.2 109.7 148.5 158.0 255.4 

0.0 0.0 1.0 0.0 76.0 205.8 536.9 823.2 903.4 700.5 
429.5 292.9 131.8 125.5 32.1 0.0 0.0 0.0 0.0 0.0 

226.4 209.8 141.8 192.6 112.4 74.0 44.0 6.5 14.0 0.0 
84 6 1 609. 

84 6 2 749. 
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0.0 0.0 0.0 16.0 19.0 112.2 185.1 285.8 427.6 456.5 
499.5 360.1 355.2 454.5 246.9 97.0 48.0 24.0 16.0 0.0 

0.0 1.0 2.0 18.0 64.0 209.4 408.3 582.2 534.7 381.1 
238.4 162.2 121.5 118.7 33.7 17.6 6.0 1.5 0.0 0.0 

0.0 1.0 2.0 l2.0 64.0 160.6 237.7 231.8 260.3 265.9 
175.6 155.8 124.5 183.3 101.2 75.4 42.0 14.5 15.0 1.0 
86 1 1 475. 
0.0 0.0 0.0 1.1 0.2 0.6 4.3 5.6 12.0 18.1 
l3.0 11.1 12.7 11.6 6.9 2.3 0.1 0.0 0.4 0.0 

85 5 1 661. 

85 5 2 553. 

86 1 2 832. 
0.0 0.0 0.0 0.3 0.5 1.3 4.0 3.3 7.7 10.8 
10.4 8.7 9.4 13.6 12.2 7.9 5.0 2.0 2.6 0.3 
86 2 1 2202. 
0.0 0.0 0.0 2.2 2.9 6.7 8.0 13.9 16.1 14.6 
13.5 9.2 5.2 5.1 1.9 0.8 0.1 0.0 0.0 0.0 
86 2 2 2366. 
0.0 0.0 0.0 5.7 4.2 5.8 9.3 11.8 12.9 9.8 
9.6 8.3 5.9 9.5 3.4 2.0 0.8 0.4 0.6 0.2 
86 4 1 2442. 
355.1 604.7 521.2 289.1 153.5 109.5 107.6 70.1 28.4 22.5 
21.9 15.8 16.0 40.0 7.7 4.6 2.9 0 . 0 .  0.0 0.0 
86 4 2 2274. 
235.8 482.2 499.9 323.0 134.5 114.0 87.0 85.9 70.6 55.1 
29.6 20.2 28.0 77.9 53.9 79.9 102.2 80.2 39.3 9.7 
86 6 1 417. 
0.0 0.0 13.0 0.0 72.3 117.7 217.7 317.3 326.3 320.9 

254.3 118.4 84.4 30.3 11.5 10.0 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 37.0 20.7 39.2 94.3 172.7 210.7 171.1 
193.7 210.6 183.6 299.7 191.5 70.0 32.0 15.0 18.0 0.0 
87 1 1 1130. 
0.0 0.0 0.0 0.0 0.7 2.2 3.4 5.3 8.0 13.6 
19.5 16.7 11.8 11.6 4.6 2.6 0.1 0.0 0.0 0.0 

86 6 2 468. 

87 1 2 987. 
0.0 0.0 0.0 0.3 0.1 1.0 1.9 2.1 2.6 7.3 
9.3 10.9 9.5 17.7 15.5 10.1 7.5 2.0 1.8 0.3 
87 2 1 2479. 
0.0 0.0 0.0 5.9 8.1 10.9 10.5 10.6 11.9 12.7 
11.7 7.5 4.4 4.6 0.6 0.2 0.2 0.0 0.0 0.0 
87 2 2 2222. 
0.0 0.0 0.0 7.7 6.6 9.7 11.8 10.3 10.5 9.6 
10.0 6.4 6.0 5.5 2.9 1.4 1.0 0.4 0.3 0.1 
87 5 1 444. 
0.0 2.0 3.0 13.3 14.4 56.6 133.4 265.7 269.2 235.8 

188.8 81.3 39.2 55.2 18.9 8.2 0.0 0.0 0.0 0.0 
87 5 2 302. 
0.0 0.0 6.0 1.7 11.6 15.4 39.6 96.3 80.8 105.2 
90.2 92.6 62.8 84.8 67.1 40.8 19.0 7.0 7.0 1.0 
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