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Abstract

The west coast sablefish stock is modeled in two stages. The first stage is a
synthesis model simultanecusly fit to the time series of catch biomass by trawl
and fixed gear, the size ard age camposition of these fisheries components in
1986 and 1987, the time series of relative abundance of middle aged sablefish
as measured by the northern and southern pot indexes, the recruitment
information in the tri-emnial trawl surveys, and the exploitation rate informa-
tion in the tag return data. In addition to estimating the time series of
abundance and mortality for the sablefish, the model provides new insights on
sablefish growth and of the influence the sampling process has on our percep~
tion of growth. The mean total biamass during 1988 was 94,700 mt and the age
3+ biomass was 78,600 mt. The biomass levels at the beginning of the year were
107,500 and 89,600 mt, respectively. The total F imposed by a 10,800 mt
fishery in 1988 will be 0.15. Plausible, but less likely, altermative models
that either emphasize the fit to the pot survey time series or de-emphasize the
fit to the age camposition data produce lower estimates of current stock
abundance

The secord stage of the modeling process estimates the stock productivity at
equilibrium and makes short-term yield forecasts utilizing a dynamic pool model
and output of the synthesis model. The dynamic pool model is driven by either
a Beverton-Holt stock-recruitment function or coristant recruitment. Given the
early age at recruitment to the fishery relative to the age at first maturity,
the spawning biamass is reduced to only about 25% of the virgin level, so
utilization of the B-H recruitment function seems prudent. If a 52:48
trawl:fixed gear allocation is maintained in the future, then the MSY for this
stock is 8,200 mt at a mean age 3+ bicmass of 67,800 mt and a F[MSY] equal to
0.13. An ABC in 1989 of 9,000 mt is indicated by applying the F[MSY] to the
cxrrent stock structure. At this exploitation rateand if there are no great
deviations in recruitment, the stock would be near the biomass yielding MSY in
about 20 years and the ABC would then be reduced to about 8200 mt. At F = 0.15
the ABC in 1989 would be 10,400 mt and the population would reach the MSY level
in about 1995.
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Introduction

The fishery for sablefish, Anoplopoma fimbria, along the coasts of Washington,
Oregon, and California has landed approximately 13,000 mt per year since 1981.
Its landed value of approximately $11 million makes it the most valuable single
species in the west coast groundfish fishery. Recent landings have been
camposed of 52% by trawlers and 48% by fived gear (primarily pots and long-
line)y.. Management of the fishery includes a size limit of 22 inches total
length (53 cm: fork .length) enacted in 1983, and an anmual quota. The quota for
the 1988 fishery was reduced to 10,000 mt due to concerns that the stock was in
darnger of being over-fished. For the first time, the 1988 quota was allocated
to trawl and fixed gear according to the recent 52:48 ratio of their landings.

The anmial quota for sablefish, and most other west coast groundfish species,
is set on the basis of current exploitable biamass and the fishing mortality
rate at maximum sustainable yield (and Fo, 1) Past analyses have not been able
to unambigquously estimate these two quantltles because of great inadequacies in
the sablefish database. Here we develop a sophisticated model with which to
integrate information from diverse data sources and to make synthetic estimates
of historical abundance and mortality for the west coast sablefish stock.

Asses: Phil ard Basic Model Structure

If the sablefish database was lengthy, precise, amd well-defined we could
conduct a conventicnal assessment via cchort analysis. Alternatively, if we
had one accurate, precise survey and accurate estimates of growth and natural
mortality we could try. stock reduction analysis, a simpler, non-age structured
model. Unfortunately, the sablefish database is scanty and diverse, and none
of the observations measure what we most need to know — the total fishable
biomass. The measured quantities do, however, put constraints on the fishable
biomass, but to make use of these data our assessment must make explicit
definition of the relation between what has been measured and what we estimate
to be in the population.

The assessment is a synthesis of a separable catch-at-age analysis with two
types of fisheries (trawl and fixed) and 2 years of fishery data, and the
following auxiliary information: recruitments in 80, 83, and 86 were cbserved
by the tri-ennial trawl surveys, a time series of relative abundance of scme
middle age/size range has been cbserved by the pot index surveys, and the time
series of fishing mortality should be consistent with the pattern of tag
returns. Thus, information on the absolute level of abundance cames from the
recruitment surveys and natural mortality, and and from the tag returns which
set the magnitude of the exploitation rate. Estimation of the age specific
pattern of availability to the tri-ennial trawl survey, to the northern and
southern pot surveys, and to the fixed and trawl fisheries is most difficult
because of the scarcity of age composition data and because of the high
variability in the existing age composition data.

Methot (1986, 1988), following Fournier and Archibald (1982), developed a model
in which the estimated sampled age composition is smeared by some estimated
level of ageing error before being compared to observed age compositions. This
smearing of true ages to observed ages is entirely analagous to the conversion
of age to length, then conducting the goodness of fit in terms of length
compositions. Because of the much greater availability of sablefish length
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camposition data, we utilize the following strategy for its assessment. In
each time period, the estimate of population numbers at age is converted to an
estimate of the population length camposition via an estimated growth curve and
variance in length at age. Estimates of length-specific selectivity are then
used to calculate the estimated length composition in each type of sample (e.g.
trawl survey, pot survey, fixed and trawl fishery). Equivalent age-specific
selectivities must still be calculated in order to calculate age-specific
fishing mortalities. Age-specific selectivities are calculated by weighting
length-specific:selectivities with distributions. of length at age. Because
large and small fish at a given age usually have different selectivities, the
mean size at age observed in a particular type of sample will be a biased
estimate of the population mean size at age. The above scheme allows calcula-
tion of the magnitude of the bias ard for calculation of the appropriate mean
size at age. Goodness of fit to the entire sablefish database is evaluated by
calculation of the log likelihood for each type of data, then summing these
into an overall log likelihood. The parameters which define the length-
specific selectivities and the recruitments are iteratively adjusted to
maximize the overall log likelihood function.

The following sections define the sablefish database, various auxiliary inputs
to the model, then define the model in more detail. The synthesis model will
be used to determine the current status of the sablefish stock. Model output
will be used as input to a dynamic pool model for determination of equilibrium
and short-term yields under a variety of quota management strategies.
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Area and Time

The region to be modeled is bounded on the south by the U.S.-Mexico border and
on the north by the U.S.-Canada border, and is described as the west coast
(Figure 1). There is little catch and scant survey data south of Monterey Bay,
and even less_catch and data.south of_Pt.:Conception. The specification of the
northern boundary:is_important because sablefish are abundant throughout this
region and-the fishery operates near and on both sides of the border. Although
some tagged sablefish have crossed this border, two dbservations suggest that
the interchange is limited in this area. First, the size distribution of
sablefish captured at the northernmost pot index site (Nitinmat Canyon) off
northern Washington is much larger than that of sablefish captured at southern
sites ard is more similar to the large fish found off British Columbia (Parks
and Shaw, 1988). Second, the 1977 yearclass was extraordinarily abundant off
Canada. (McFarlane and Beamish, 1983a) and throughout Alaskan waters, but was
not at all exceptional along the west coast according to the age camposition in
the 1983 and 1985 pot index surveys (Parks and Shaw, 1987).

The time series to be analyzed begins in 1970 and extends through 1987.
Iandings during the period 1956-1970 (Figure 2) averaged 3512 metric tons (mt)
and the west coast stock is assumed to be in equilibrium with this catch level

in 1970. Most types of survey data in,in 1979, but a precursg the
northernpotmd was Y ink;gg 1/ "and thlsobsexgatmnlsiroxcludedm

conducted
the analysis. An estimate of the 1988 landmgs is included to cbtain a better
estimate of recent trends in fishing mortality.

The model is run on an annual basis using calendar years. Recruitment is
defined to occur at age 1 on January 1, although these recruits are barely
available to the fixed gear fisheries and the pot surveys. Fishing mortality
is implicitly assumed to be constant throughout the year. Surveys are typical-
ly conducted in July - October and are assumed here to represent the mean
abundance of sablefish within the calendar year.

Catch

Iandings for the period 1956 - 1987 were categorized by INPFC area and by gear
type (Lynde 1986; PacFIN data series 1981-1987). The four gear types are
longline, pot, trawl and miscellanecus. Shrimp trawl landings are included in
trawl, set net landings are included in miscellaneocus. Foreign landings were
allocated to the following gear types: Japan to longline, USSR to trawl,
Poland to trawl, Korea to pot, and other to miscellanecus. ILandings from the
Vancouver INPFC area were processed to delete the Canadian damestic landings
(PMFC areas 3D and 30CN). The PMFC area for other foreign landings in the
Vancouver INPFC region is unknown, so these other foreign landings are included
in the total landings for the U.S. Vancouver region. lLandings from all west
coast INPFC regions (Conception - U.S. Vancouver) were summed for analysis here

lshippen (1972) Progress report on sablefish (blackcod) studies by the
United States National Marine Fisheries Service, 1971-1972. Int. N. Pac. Fish.
Comm. Docu. Serial No. 1508.

B-4




U LI m
N
e oy
o ‘WaA-
\\/"'7 i
\ s |
\l COLUMBIA
"5 <4 T
[
/ OR B
/ 43°00° '
l Cage Slamss i
\ \
\  EUREKA [
) 1
I’ Cape Asnteeine
ct |\ T®
\\ '
CA "
\ monrerey ]
35 -
30 $ $

125 120 15
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Cregon, and California.
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Figure 2. Sablefish catch time series showing proportion by trawl and by fixed
gear.




Table 1. landings of sablefish along the California, Oregon, Washington coast.
Includes catches by foreign fishing vessels in this region and catches by non-
Canadian foreign vessels throughout the Vancouver INFFC regian. Catch by
foreign vessels was assigned to a characteristic gear type (see text). Catch
by miscellaneous gear was assigned proporticnally to fixed and trawl gear
categories. Catches for 1988 were estimated to allow running the model forward

che year.

- Cordensed -

Year LlLine Pot Trawl Misc Tixed Trawl
56 1129 0 2477 7 1131 2482
57 2051 0 914 1 2051 914
58 855 0 948 0 855 948
59 1398 0 1273 1 1398 1273
60 1980 0 1510 (] 1980 1510
61 1121 0 935 482 1384 1154
62 1100 0 1794 163 1162 1895
63 931 0 1053 157 1005 1136
64 1341 0 922 299 1519 1043
65 1018 0 1023 493 1264 1270
66 789 0 427 474 1097 593
67 3341 0 795 372 3641 867
68 1787 0 815 365 2038 929
69 4087 0 1186 432 4422 1283
70 1391 114 2395 41 1521 2420
71 1511 193 2395 138 1761 2475
72 3492 355 3435 37 3866 3453
73 1124 863 3791 28 1997 3809
74 2439 3240 3044 13 5687 3048
75 1736 5689 3391 8 7431 3393
76 1219 19725 3553 22 20962 3556
77 1441 4140 3662 7 5585 3665
78 1709 5753 5748 405 7691 5924
79 4187 12333 7252 601 16939 7435
80 1378 3632 3721 416 5248 3898
81 1925 3896 5437 294 5973 5579
82 1626 6494 10158 314 8259 10333
83 1003 5399 7154 963 6857 7662
84 1022 3822 7933 1296 5335 8738
85 2753 3637 - 7198 707 6722 7573
86 3576 2115 6024 1470 6405 6780
87 4187 2031 6463 32 6234 6479
88 0 o] 0 0 4800 5200




{(Table 1). The few miscellaneous landings were allocated proportionally to
longline, pot and trawl gear types.

A port sampling program initiated in 1986 provides age and length camposition
data, by sex, for each major gear type in the west coast sablefish fishery
(Apperdix tables 1,2). Size campositions in the longline and pot fisheries are
similar (Figure 3,4,5) ard, in preliminary runs of the model, their estimated
selectivity patterns were similar. Therefore, longline and pot landings, age
camposition, and length composition were cambined into cne fixed gear category.

Trawl] Surveys

Bottom trawl surveys were conducted between Monterey Bay and Vancouver Island
in the 30-200 fathom depth zone during 1980, 1983, 1986 and in the 50-250
fathom zone in 1977 (e.g. Coleman, 1986; Weinberg et al., 1984). Depth-
specific trends in sablefish mean size camplicate any attempt to extrapolate
these nearshore surveys to an estimate of total population biomass. However,
analyzing these data as estimates of age 1 recruit abundance is realistic. The
size frequency distributions for each survey indicate a distinct mode at 38-39
cm FL (Figure 6); these are the age 1 fish. Age 0 fish seem to be about 26 cm
and are rarely taken. When the data from all four surveys are combined and
stratified by 10 fathom depth intervals (Table 2).the following patterns
emerge. Where the bottom depth is less than 80 fathoms the catch is nearly
100% small (<42cm, i.e. age 1) sablefish. This size group is nearly non-
existent in tows taken at depths greater than 150 fathams. The mean catch in
the 40-49 fathom zone is 48 sablefish per tow (N tows = 214), which is the
greatest catch rate among all the 10 fathom intervals between 30 and 200
fathams. The mean catch in the 30-39 fathom zone is only 2 sablefish per tow
(N tows = 168). We conclude that most age 1 sablefish are found between 40 and
150 fathams, and that a survey which covers the depth range 30-200 fathoms
includes nearly 100% of the age 1 fish, and can be used as a quantitative
assessment of their abundance. The 1977 survey did not work nearshore of 50
fathoms so cannot be used as a comparable survey. Calibration of the 1977
survey is not possible because the <50 fathom 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.-Canada border, and the 1980
and 1983 surveys worked further north to latitude 49°15'. The 1980 and 1983
survey results were processed to delete samples taken north of the U.S.-Canada
border. The southern extent of all surveys was Monterey Bay. The bottom area
between Monterey Bay, the U.S.-Canada border, and the 30 and 200 fathom
iscbaths is approximately 11600 rm . One may consider extrapolating the survey
results southward. Extrapolation to Pt. Conception would increase the area to
about 12350 m , a 6.5% increase. Extrapolation to the U.S.-Mexico border
would increase the area to 14550 rm , a 25% increase. Any extrapolation
requires the assumption that the density of sablefish in the 30-200 fathom
depth zone is the same north and south of Monterey Bay. No extrapclation was
made in the preliminary analysis and, in the final analysis, the trawl survey
abundances were extrapolated to Pt. Conception.

The synthesis model separately examines the total numbers observed in the

survey, the males' size composition, and the females' size composition. Total
population numbers (Table 3) were taken directly from the output of the RACE
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Unweighted size frequencies in the nearshore tri-ennial trawl
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Figure 6.
surveys, sexes are camb




Table 2. Statistics on depth distribution in trawl surveys. N is the total
romber of trawls in the four surveys (1977, 1980, 1983, and 1986); % zero is
tne percentage with no sablefish; The statistics on number of sablefish are
simply based on mmber per tow; for the categories under $ <42cm, N is the
nmmber of tows for which the mmber of measured sablefish was at least 5 and,
for these tows, % is the percentage of the measured sablefish which were less
than 42 cm fork length.

Trawls Number of sablefish $ <42 em

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

30-39 168 74% 2 17 0 217 4 100%
40- 214 59 48 408 0 4473 12 88
50~ 289 54 15 69 0 740 31 71
60- 312 40 25 152 1 1892 43 65
70~ 262 34 27 183 2 2332 36 46
80- 184 30 26 202 3 2731 31 32
90- 136 17 27 88 5 752 30 26

100- 101 6 19 37 7 248 26 22

110- 115 18 18 50 4 468 26 18

120~ 87 26 16 48 3 379 19 17

130~ 53 38 l6 41 3 266 13 11

140- 49 27 24 100 5 699 11 6

150- 51 12 17 30 7 172 15 12

160~ 50 16 18 30 5 153 17 0

170- 55 22 25 78 6 555 18 2

180~ 52 33 16 30 2 143 11 5

190- 24 21 10 10 8 40 6 1

200~ 20 | 17 32 5 141 6 1l

210- 21 | 11 13 5 45 6 0]

220- 28 | 8 9 6 42 7 4

230~ 29 17 8 10 4 38 9 4

240- 2 | 8 9 5 30 9 5

250~ 7 i 18 37 7 101 2 8




Table 3. Survey cbservations of sablefish abundance. Trawl values are in
thousands of fish. Pot values are in fish per pot. The cv for the small fish
camponent of the trawl swrvey is assumed to be the same as the calculated cv
for the entire size range, but these small fish cv values will have no effect
on the model.

Tri-ennial Trawl

|

Year <42 cm All N Pot S Pot

value cv value cv value cv value cv

71 — —_— 10.30 .245 —

72 — — — —_—

73 — — — —

74 —_— —-— — —

75 — — o —

76 — — — —

77 — —— — _—

78 — — — —

79 — —_— 11.40 .316 —

80 32253 .461 50158 .461 6.80 .124 —

81 —_— — 4.80 .200 -

82 ——— — — —

83 16875 .368 38097 .368 10.60 .092 —

84 — — — 9.80 .108

85 —_— -— 7.40 .193 —

86 19267 .264 28973 .264 — 4.60 .096

87 _— — 2.80 .189 ~—




BIOMASS program. Male and female size compositions could not be used directly
from this output because they do not include the substantial numbers of small
unsexed fish. Instead the estimated size composition for combined sexes was
split into a male and female camponent (Figure 7) based on the estimated sex
ratio within each length category.

The selectivity function which defines the relation between the true population
ard the population surveyed by the nearshore trawl survey should be strongly
peaked at the size range-which represents age 1 sablefish. It is expected that
the model will be able to estimate the shape of this function from the size
distribution data in these 3 surveys. The mcdel treats the total survey
mmbers as a quantitative estimate of the abundance of a subset of the popula-
tion; that subset being defined by the estimated selectivity function.
Preliminary rnns of the model disclosed an ambiguity in this definition: the
model could improve the fit to the chserved total survey mumbers by either
adjusting the estimated mmbers of fish in the population, or by adjusting the
selectivity function that defined the proportion of each size that contributed
to the total survey numbers (subject to the constraint that at least one size
category had selectivity equal to 1.0). If the model took the latter approach,
it could degrade the fit to the survey size compositions. Thus, the relative
emphasis placed on fitting the survey abundances and the survey size composi-
tions became critical. We adopted the following alternative approach to
alleviate this problem. A fixed subset of the trawl survey, those sablefish
<42 cm, were defined to be 100% available to the survey. This size group
includes nearly all of the age 1 fish and few fish of other ages. The model
then includes two versions of the trawl survey rnumbers (Figure 8). The first,
trawl survey (all), includes the entire size range, is not considered quantita-
tive, and a size-specific selectivity function is estimated. The second, trawl
survey (small), includes only the <42 cm size range, is considered quantita-
tive, and all sizes less than 42 cm are defined to be fully available.

Pot Surveys

In the Oregon-Washington region, surveys occurred in 1979, 80, 81, 83, 85 and
1987 (Table 3, Figure 9). Each sampled the standard depths: 150, 225, 300,
375, and 450 fathams. Extra depths sampled in later years tend to catch larger
fish and have not been included in the standard index (Parks and Shaw, 1988).
Only catches fram the first two sets at each site were included in the index.
The sampling gear was changed in 1985 from rectangular traps to conical traps.
The conical traps are more efficient, and the historical catches from rectan-
gular traps have been adjusted upwards by a measured calibration factor of
1.408 (Parks and Shaw, 1987). The gear type had no effect on the size composi-
tion of the catch. Also in 1985 the number of sites was increased from 4 to 8.
The mean index was relatively unaffected (7.6 for old sites and 7.3 for new
sites in 1985, 3.1 and 2.5 in 1987).

In 1971 a precursor to the northern pot index was conducted at 3 of the
sites that eventually were included in the northern pot indexl/. The gear
(rectangular trap) and depths (150-450 fathoms) were identical to that used in
1979. We consider this cruise to be a valid northern pot index observation.

In the California - southern Oregon region, surveys occurred in 1984 and 1986

with 9 sites occupied in each year. The depth range is 225 - 525 fathoms.
This is 75 fathoms deeper than the northern index depth range so we expect to
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Figure 7. Condensed size frequencies in the trawl surveys by sex and weighted
by catch rates. Size categories are 32-35 cm, then by 2 am to 60 cm
to 80 cm, and by 10 cm to 100 cn.
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cbserve fewer small fish in the south index area. However, this tendency may
be countered by the tendency for larger/older fish to be more common in the
north. Separate selectivity functions will be estimated for the northern and
southern pot surveys.

Variance estimates for recent pot index surveys have been calculated under the
assumption of fixed site effects (Parks and Shaw, 1988). Because these
analyses do not similtaneously analyze all survey years (thus cbtaining a site
effect averaged over all years), and because earlier work (Kimura and Balsiger,
1985) determined appropriate sample size on the basis of random site effects,
we have recalculated the survey variances. Here we calculate a standard error
for each survey fram the standard deviation of the individual site values
within each year (Table 3). These values are typically larger than those
calculated from the fixed effect model.

Al]l sablefish captured in the pot surveys are measured to determine the total
size camposition, a random sample is examined for sex, length, ard age, and
many are tagged and released. ' The size camposition by sex from each random
sample should be weighted by the total mmbers captured at that site/depth.
Alternatively, we employ the same approach as that used to process the trawl
size compositions. The random sample data are pooled and used to calculate the
sex ratio in each size category. These measured sex ratios are then used to
split the total size composition into male and female components based on the
measured sex ratio in each length category. The length camposition vector for
each sex (Apperdix Table 2) is then scaled so that it totals to the mumber of
fish observed for that sex in the random samples.

Age camposition data is available from the random samples for the 1983 and 1985
northern pot index surveys. The age-length key for each sex in each survey was
campressed into the length categories defined below, ages 15-19 were cambined,

and ages 20+ were cambined. The revised length compositions defined above were
then multiplied by the corresponding key to abtain new estimates of the sample

age camposition (Appendix Table 1).

Age and Iength Categori

Length campositions from all surveys and fisheries were campressed into 21
categories defined by the following lower and upper bourds of fork length:

L 0 32 36 38 40 42 44 46 48 50 52 54 56 58 60 64 68 72 76 80 90
U 31 35 37 39 41 43 45 47 49 51 53 55 57 59 63 67 71 75 79 89 100

Age campositions from all surveys and fisheries were compressed into the
following categories:

123456789011 12 13 14 15-19 20+.

The lower and upper tail of each size and age distribution was further com-
pressed so that the first non-zero value had at least 5 observed fish.




Tag Recaptures

Sablefish have been tagged and released on the west coast beginning in about
1971 with a large release of tagged fish in 1972 (Shaw, 1984). The rate at
which these tags have been returned contains information on the fishing
mortality rate. Here we utilize only those tag returns from fish which were
greater than 52.9 cm at the time of release, because preliminary analyses
(William Ienarz, SWFC Tiburon, CA) indicate a reduced return rate for tags
released on smaller fish. Only returns from the west coast fishing zone, as
defined above, are included (Table 4). Returns from 1976 and earlier are
excluded because of the low reporting rate by the large foreign fishery in
1976. Releases from the years 1971-1976 were grouped into one aggregate
release year. The model analyzes these data by examining, for each release
year, the percentage of tags that were returned in each subsequent year. Thus,
initial tag loss and initial tagging mortality are unimportant, even if they
vary fram year to year. The level of reporting also is unimportant, but it is
assumed to be constant. lLong term tag loss is important, and is assumed to be
0.10 per year. Sensitivity to this value will be investigated.

Other Imput

Natural Mortality

The most appropriate value for natural mortality should account for emigration
from the U.S. zone and from the depth strata which is fished and surveyed,
because an older fish which is not vulnerable to the fishery is effectively
dead. The level of natural mortality is critical because it, more than any
other factor, determines whether the cbserved mumbers of recruits in the tri-
ennial surveys can supply adequate population mmbers at age to support the
cbserved fisheries. Also, the relative selectivity of older fish is nearly
inextricable from the estimate of natural mortality, i.e. the reduced occur-
rence of larger/older fish can be due to death, migration, or gear avoidance.
We can try various levels of natural mortality to see which yields the most
believable estimates of selectivity. The maximm longevity of fish observed in
Canada, 55 years, suggests that M is about 0.08 (Hoenig, 1983). The maximum
age for fish from the 1987 port sampling program ranged from 35 to 47 among the
various ctolith readers, yielding M estimates of 0.10 to 0.13. Effective M,
which includes emigration, for sablefish in the US west coast zone probably is
in the range 0.10 - 0.20. Dynamic pool models explored by Lenarz and Methot
(unpublished data) during October 1987 indicated that M = 0.1 results in an
abundant current stock which is inconsistent with the decline in the survey
observations and which contains a large mumber of older fish. At M=0.2 the
population would have barely been able to support the last decade of harvests
unless the level of recruitment has been greater than the approximately 20
million age 1 fish observed in the 1980, 1983, and 1986 tri-ennial trawl
surveys. Natural mortality is incorporated as a parameter so that its value
can be easily changed. Initial runs will use M = 0.15 and alternatives will be
explored.

The abundance of predators encountered by juvenile sablefish on the continental

shelf must be greater than that encountered by adults on the slope. We
consider it likely that juvenile sablefish have a greater natural mortality as
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Table 4. Returns of tags released in the U.S. fishery zone on fish >52.9 cm
in length, and recaptured in the U.S. fishery zone.

Release Returns in year:
year 77 78 79 80 81 82 83 84 85 86 87

71 - 76 30 38 8 .16 22 32 21 7 6 3 4
77
78
79 26 26 20 10 9 10 2 4
80 121 104 137 26 27 32 10
81 57 27 8 16 16 4
82 23 7 6 10 3
83 5 5 2 2
84
85
86 54
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a consequence of this differential distribution. We include the possibility of
extra juvenile mortality with the following formulation:

M= ML+ M2 % e(173)

where: Ml is the natural mortality of older fish, set at 0.15 in most runs.
M2 is the extra juvenile mortality. This parameter was set to 0.0 for
the preliminary runs, then was estimated in the final runs.

Growth

The growth model should be constrained by two strong cbservations. One is the
large maximum size, I», of females (about 100 cmy and the other is the mean
size at age 1, L., in the late sumer-early autumn (38.4 cm) (Table 5, Figure
6). Growth s based on fishery or pot survey samples tend to miss these
two constraining points because these samples are length-selective. By
undersampling the small fish they overestimate mean size at age of young fish,
thus underestimate the growth rate of these young fish. By undersampling the
largest fish found in deeper water, growth models fit to these data may
underestimate L. Variocus I~ estimates are:

author male female
Klein 1986 71 83
McFarlane & Beamish-1983b 66 79
Parks & Shaw 1987
1983 pot survey 58 68
1985 pot survey 68 80
Fujiwara and Hankin 1988 ~60 “80

We used these values as guidance in selecting values for L for the preliminary
runs. Then in the final model runs used the model itself to find the L values
which provided the best fit.

Inclusion of the constraining lergth at age 1 is facilitated by recasting the
VonBertalanffygrwthequationintermsoleinsteadofTO:

L= Lo + (L,-L )xeF*(70)

note: Ty = 1 + [In(1 - L /L=))/K.

Giventheabcvegrowthmodelandestimatesofl.larﬂL, K can be estimated
from the size at any intermediate age. The pot surveys will be shown to have
maximm selectivity at about age 5, so the mean size at age 5, Lg, in the pot
surveys of 1983 and 1985 will be used to calculate K. Preliminafy model runs
indicated a small bias (explained below) in the mean size at age 5 in the pot
surveys (0.4 cm for males and 0.2 cm for females). These biases were taken
into account when selecting the best LS for the final model runs.

A normal distribution of size at age is assumed, and the coefficient of

variation is assumed to increase linearly with age. Variance of the age 1
distributions was estimated from the size distributions in the trawl surveys.
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Table 5. Size distrilutions of sablefish in neashore trawl surveys. Only
sizes pertinent to definition of the size distribution at age 1 are presented.
The age 1 size distribution was determined by inspection of the total size
distribution. The upper tail of the age 1 distribution was assumed to be a
mirror image of the better defined lower tail.

1977 1980 1983 1986 Total
All age 1 All agel Allagel All agel agel

Size

23 am 4 0 1 (0]

24 4 o] 13 0

25 8 0 18 0

26 1 0 18 0 22 0

27 1 o 15 o] 9 0

28 3 0 18 0 3 0

29 6 0 6 0 1 o]

30 5 o 4 0 2 (o]

31 2 o 4 4 1 1 5

32 1 1 2 2 2 22 7 7 32

33 2 2 12 12 60 60 27 27 101

34 9 9 24 24 128 128 69 69 230

35 36 36 53 53 216 216 203 203 508

36 42 42 103 103 249 249 305 305 699

37 60 60 131 131 297 297 402 402 890

38 96 96 165 165 253 253 439 439 953

39 101 101 159 159 237 237 458 458 955

40 100 100 115 115 192 128 436 436 779

41 68 68 68 68 180 60 376 376 572

42 39 39 49 49 250 22 311 31 421

43 46 36 37 24 291 4 222 203 267

44 44 9 37 12 345 0 157 69 90
45 60 2 49 2 404 o 182 27 31

46 78 b 97 o 373 o 162 7 8
47 101 0 106 0 362 0 162 1 1

48 112 0 154 0 298 0 117 0 0

49 112 0 159 0] 273 1] 132 0 (o]
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




Variance of size at age 20 was estimated from size at age data in the 1986 and
1987 fisheries.

We utilize the following growth parameters (Figure 10):

coefficient of variation

Ll I'S Lo K To at age 1 at age 20
Preliminary: :
MAIE: 38.4 52.3 706.0 .145 -4.489 .068 .0902
FEMALE: 38.4 57.3 85.0 .130 =3.622 .068 .1452
Final:
MALE: 38.4 52.0 64.5 .184 -=3.916 .068 .0902
FEMALE: 38.4 56.2 77.5 .152 -=3.505 .068 .1452

The length - weight relationship used here is taken from the pot survey
conducted off California and Oregon in 1986:

W(kg) = .00000233*L(cm)>*3%4

There is no apparent difference in this relationship between males and females
(Phillips and Inamura, 1954; Fujiwara and Hankin? / Klein, 1986).

Maturit 1 F 3it

Percentage mature is assumed to follow a logistic function of length (Figure
11). The length at 50% mature was estimated by McDevitt (1987) from data in
Phillips and Inamura (1954) to be approximately 67 cm. Mason et al. (1983)
estimated, from data collected off Vancouver Island in 1980, that the size at
50% mature was 58.3 cm. Parks and Shaw (1983) estimated the size to be 56.3 cm
off central California. Hunter (SWFC, unpubl. data) estimated that the value
was about 59 cm off central California in 1987. Here we describe percentage
mature as:

1.0
-2491%(L,-58.3)),

PCIMAT. =
a  1.0+efl”
Spawner-Recruitment

Here we use the same Beverton-Holt formulation (Figure 12) that has been used
in other west coast assessments:

2/Characteristics of blackcod captured off Eureka, California by vessels
belonging to the Fishermen's Marketing Association, July 1983 - August 1984. A
report submitted to the Fishermen's Marketing Assoc. by Shunji Fujiwara and
David Hankin, Dec. 1984.
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Figure 10. Growth curves for male and female sablefish using the preliminary
and final parameter values.

B-25




FRACTION MATURE

RECRUITMENT
(Mmilllons)

SABLEFISH MATURITY

SIZE

Figure 11. Percentage mature for female sablefish.
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Figure 12. Spawner-recruitment relationship with DD=0.889.
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SPB / VSPB

RECRUIT = VR *
( 1 - DD*(1-(SPB/VSFB)) )

The density-dependence factor (DD) is set at 0.889 so that recruitment is 90%
of virgin recruitment (VR) when spawning bicmass (SPB) is 50% of virgin
spawning bicmass (VSPB). Spawning biomass is calculated from female numbers at
age, weight at age and percentage mature at age. Virgin spawning biomass is
calculated from the virgin age-structure which is calculated from the paramet-
ers which define virgin recruitment and natural mortality.

Ageing Error

anmuli in the otoliths of sablefish are difficult to interpret una.mblguously,
even by the break-and-burn technique. Agreement among readers is low relative
to the agreement attained for otoliths of other species. Here we assume that
the assigned ages are unbiased estimates of true age, but that there is
substantial variability in the assigned ages. The impact of this variability
is to diminish the apparent importance of abundant year classes and, especial-
ly, to enhance the apparent abundance of poor year classes. In early versions
of the model, we specified the level of ageing error as a linear function of
true age. When the parameters of this function were fit within the sablefish
synthesis model, the estimated level of ageing error was similar to that
estimated from the agreement between readers. In the final model runs we
specified the standard deviation of cbserved age from the non-linear reader
agreement function (Figure 13) fit to the 1986 fishery samples:

A
std.dev. a= T
«223*%A + 4.345
We assume a normal distribution of assigned age for each true age, and generate
a transition matrix, A'@a, which defines the distribution of cbserved age at
each true age.

Trawl Discard

Discard of sablefish may occur because of poor market conditions, small size,
or closed seasons. Here we attempt to incorporate one of these factors -
discard in the trawl fishery due to small size. We assume that all small fish
die after being captured in a trawl and discarded, and that small fish dis-
carded from a pot or longline will survive. Inaccuracies in these two assump-
tions will tend to cancel each other. Leng't:h-spec;Lf:Lc data on trawl discards
were obtained from two sources. mjlwardandﬂankm/obtameddata from the
Eureka trawl fishery in 1983 and 1984. They found that the smallest size
captured was 36 cm, the smallest size retained was 40 cm, and 100% retention
ocourred at 46 an. A logistic function fit to their data indicates 50%
retention at 42.8 cm and a slope of 1.092 (Figure 14). Pikitch (unpublished
data) placed observers on board domestic fishing vessels to document levels of
by-catch in 1986 and 1987. Information collected by these cbservers can also
be used to calculate the length-specific fraction retained for sablefish. The
smallest observed sablefish was 27 cm, the smallest retained sablefish was 35
cm, and an asymptote of 89.5% retained occurred at 48 cm. ILess than 100%
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Figure 13. Ageing error calculated from reader agreement.
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Figure 14. Retention of small fish by the trawl fishery. The 1984 data are
fram Fujiwara and Hankin (1984) and the 1987 data are from Pikitch (pers.camm).




retention of the larger fish is due primarily to discards which occurred after
the close of the season in 1987. The values of percentage retained were
divided by 0.895 to estimate the level of discard due solely to small size. A
logistic function fit to these adjusted values indicates 50% retention at 40.1
cm with a slope of 0.526. Both retention functions will be investigated in the
model and final model runs will utilize the average of the two functions.

Model
Subscripts
Y = Year
t = type of fishery or survey
a = true age
a' = category of cbserved age, sensitive to ageing error
1 = category of length
s = sex

We note our use of the terms vulnerability, availability, selectivity, and
catchability. WVulnerability means that fraction of the stock that has some
positive probability of being captured. If some fish were not vulnerable, then
infinite effort could not catch them. Wilnerability may be age-specific, and
if vulnerability is less than 1.0 for scme age, then that age fails to meet the
assumption of hamogeneity. Catdiabuity is the fraction of the vulnerable
stock that is captured by one unit of effort. Instead of defining catchability
as being age-specific, we define catchability relative to the most available
age amd introduce an age-specific availability which modifies catchability for
the other ages. Therefore, availability is 1.0 for at least one age and less
thanorequaltolOforallotherages We treat selectivity as synonomous
with availability, or at least irdistinguishable for it. Availability (selec-
tivity) is an amalgam of gear avoidance, mesh retention, targeting behavior by
fishermen, and geographic heterogeneity in the distribution of fishermen
relative to that of each age group. For simplicity, we define that all ages
are fully vulnerable to the fisheries and to the surveys, but that same ages
have much lower availability (selectivity) than other ages. The consequence of
this definition is that if effort was infinite, then an entire age group could
be captured as long as it had non-zero availability. The distinction between
vulnerability and availability is a trivial issue, however, at low levels of
fishing mortality.

definitio

The basic equations which define the dynamics of a haomogeneous population
follow:

Recruitment at age 1 is:

Ny =Ry
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where: R is recruitment
N is mmbers at age

Numbers at age are:

N * o 2y-1,a~1

va = Ny-1,a-1

and for the maximum, accumilator age:

* e'zy-l,a-l + N

“4y-1,a
y-l,a*ezy '

Na = Nyog a1

where: Z is total mortality
g =M+ Iy (Bl

where: M is natural mortality
F is fishing mortality

Catch at age for the Tth fishery is:

= * * - e %ya
Crat = Frat * N * @ - ¥3) / %
= * N
rat * Ypa
Catch bicmass for the Tth fishery is:
By =, [Cppp * Wyt
where: W is body weight

Numbers at age available to the Tth type of survey, conducted near the middle
of the year are equal to:

Syat = Qt * VAyat * Nya
where: VA is selectivity at age
Q is a scaling factor (catchability coefficient) defined as the
ratio of the sum of the cbserved survey abundances to the sum of tne
estimated survey abundances.
The expected value for the Tth type of survey is:
SByt = Qt * L, [Syat* wyat] if measured in biomass
SNyt::Qt* Ea[syat] if measured in numbers
Here we make the following simplifications to reduce the number of parameters

ard to impose a well-defined pattern on the solution. Basically we assume that
availability and natural mortality vary with age, but are invariant over time.
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where: VAat=1.0 for at least 1 age, and is < 1.0 in all other ages
Wa =Y
F, =E _ *VA

yat ~ “yt at
E is the fishing mortality rate for the most available age. E should be
proportional to fishery effort by a catchability coefficient, Q.

The above eguations are sufficient to describe the dynamics of a fished
population. One needs only supply estimates of the vectors of recruitment, R;
full fishing mortality, E; amd selectivity, VA, to calculate the full time
series of F, 2, C, and N. Because of the scarcity of age camposition data for
sablefish, we camnot directly utilize these estimates of numbers at age to
determine how well the model's estimates match cbservations from the surveys
and fisheries. We also cannot directly estimate the age-specific selectivity
vectors. Instead, the model is cast primarily in terms of size composition for
estimation of the selectivity vectors and for determining goodness-of-fit.
Because of sex-specific differences in growth, we introduce an additional
subscript, s, for sex.

Expected mumbers at length in the population:
FOPLEN ., = I _ [N__ * I@a

yls a “yas als:l

where: 1£A is the distribution of length at age calculated from the growth
curve and the linear increase in CV length at age

Expected mubers at length in the sample of type T:
SAMP'.LENytls = VL\'_IS * POPI.ENyls
where: L is size-specific selectivity
Expected abundance index of type T:
SNyt=Qt* (Elzs [SAMPLENYtls 1}
Note that this length-based definition replaces the age-based definition above.

Caleulation of fishing mortality requires conversion of length-specific
selectivity into age-specific selectivity:

Z3 [VLtls * L@Aals]

VA, =
tas
21 W
_ T Vb * LA, ]
1.0
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Because of low precision in age determination, C is not the best estimate of
the expected age camposition for the fishery samples. Instead, C must be
smeared by the estimated error in age determination:

SAMPAGE 1 1o =15 [Cppag * A'€A,,0 ]

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

Also, the observed weight at age for each type of survey or fishery depends on
the pattern of length-specific selectivity. Especially, the fisheries tend to

select anly the larger individuals of the younger ages. These adjusted weights
at age are needed to calculate the expected catch bicmass:

Ly (W) * VL, * LA, )
1[W"tls*mals]
By [V * VIge * L8R, 6 ]

VPas

wea__ =

Selectivity

Size-specific selectivity by each fishery and each type of survey is defined by
a 3 parameter function of length:

(L - PL)
(L-P1,) ] ~ P3
]
t—Plt) ]

Pl defines the length at first availability. P2 influences the rate at which
selectivity increases. P3 influences the peakedness of the function. The
function is scaled so that the length with maximm selectivity has a selec-
tivity value of 1.0. Selectivity at lengths less than P1 and greater than 30°
cm were given a small positive value by first calculating the selectivity at a
length 5% greater than P1 then defining selectivity to increase linearly from
0.0 at 30 cm to this calculated value at 1.05 * P1.

Vs =

ts

( [
{1+
{ [(P2

Initially, we assumed that males and females have the same length-specific
selectivity and different age-specific selectivities because of their different
sizes at age. However, a better fit was consistently obtained if the males had
a larger value for the P3 parameter, thus decreasing their selectivity at
larger sizes and old ages. A single parameter was used to mimic this pattern:

P31-5=P3t

where: s=1 for males and s=2 for females.

+ P4 * (2-s)

Parameters of the selectivity function for each of the types of samples were
estimated by the model.
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Likelihoods

With the above equations we can calculate the goodness—of-fit between the model
and the diverse data available for sablefish. We define this goodness-of-fit
in terms of log likelihood, L. This puts the fit to each type of data on the
same procbabilistic basis so that they can more easily be cambined into an
overall assessment of the total goodness-of-fit.

For each type of survey abundance we assume a lognormal error, and we ap—
proximate the lognormal standard error of each survey estimate by the coeffi-
cient of variation calaulated for that survey. The lognormal deviation of a
given cbservation is:

DEV.__ = log(OSN, . /SN

yt = 1090/ Sye)
The log likelihood of this deviation is (ignoring a constant):
= - 2 _ 1

Iyt [DEVyt / seyt] og[seyt]

where: OSN is the cbserved survey value
se is the survey's coefficient of variation

For each survey amd fishery age or length camposition, we assume a multinomial
error structure to define the log likelihood of that sample:

Le= K* I, [Ppe? 109(p'yat)]

where: K is the minimm of 400 and the actual rumber of fish in the yt
sample. This maximm of 400 on K follows Fournier and Archibald
(1982) and Methot (1986) and prevents large samples from dominating

the result.
pyat is the cbserved proportion at age in the yt sample
p! is the estimated proportion at age in the yt sample. It is
caxéﬁlated from the C for fishery samples and the S for survey
samples and the agei r matrix, A'@A, which defi distribution
of age assigmments. It is the SAMPAGE from above converted to propor-
tions.

Similarly for size campositions:

L= K*Ip [Py * 1og(p'y))]

Where the p'ylt are calculated from the SAMPLEN.
This multinomial error structure is also used to measure the fit to the
proportion of tags returned in each year.

An extra component to the overall likelihood function is defined to force the
mean of the trawl survey (small) fish to be estimated correctly. This com-
ponent is calculated from the ratio of the sum of the cbserved abundances to
the sum of the expected abundances, Qt:
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1.0

1.0 + abs(log(Q,))

L - 1.0

t

outline of model calculations

a. Recalculate the length at age matrix, L8A, for each sex if estimated
growth parameters or variance have changed.

b. Recalculate the ageing error matrix, A'@A, if estimated ageing error
parameters have changed.

c. Recalculate the length-specific selectivities, VL, if any of the pertinent
parameters have changed.

i. then recalculate the equivalent age-specific selectivities, VA, as
the mean of the VL weighted by the distribution of length at age, L@A.

ii. recalculate the expected mean body weight at age for each sample
type, WeA, fram the population length at age distribution, LeA, the body
weight at length equation, and the length specific selectivities, VL.

d. Use the current estimate of natural mortality and virgin recruitment to
calculate the virgin age composition and virgin spawning biomass for use in
the stock-recruitment relationship. Then assume knife-edge recruitment to the
fishery and iteratively calculate the fishing mortality which produces an
equilibrium yield of 3512 mt. This equilibrium state is the starting point in
1970.

For ea ear
Note that all of below occurs for each sex.

a. Graduate the survivors from last year into the next age category: except
accumilate in the age 20+ category.

b. Get the age 1 yearclass abundance in one of two ways:

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

ii. Use the mean recruitment level multiplied by a recruitment factor
for that year. These recruitment factors are parameters to be estimated
by the model. Recruitment factors are used only for years which are
followed by an adequate amount of age and length data. We will estimate
recruitments for the 1977 through 1985 yearclasses. Earlier and later
yearclasses will be calculated from the stock-recruitment relationship.

c. Assume that age-specific fishing mortality by each type of fishery is the
product of a type,age,sex-specific selectivity, VA(tas), and effort, E(yt).
Calculate 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 population numbers and surviving
numbers.

e. For each type of fishery, use the mean population mumbers, weight at age
for that type, fishing mortality, and fraction retained by the trawl fishery
mmlwlateﬂwtotalmtauedcatdlblmassmﬂﬂuewtaldmxdedblwass

f. For each type of fishery, cmpar’etlwestimatedtotalatchbiamsstothe
observed total catch bicmass. If the ratio differs fram 1.0, then use the
ratio to adjust the estimated effort for that type of fishery and redo above
steps c-e until the observed and estimated catch biamasses are within 0.1% of
each other.

g. If there was a pot survey or tri-emnial survey in that year, then use the
mean mumbers at length and the length-specific selectivities to calculate the
sample catch you would expect from a survey of that type. These estimated
abundances will be adjusted by the recalculated Q before camparison to the
cbserved survey values.

h. If there was an age camposition cbservation in that year, then use the
mean mmbers at age and the age-specific selectivities for that type of
cbservation to calculate an expected sampled age composition. ‘Then use the
A'@A key to convert this expected sampled age camposition to an expected
cbserved age composition. Pool for ages 10+ because of the low precision in
the age determinations and because recruitments prior to 1977 are not in-
dividually estimated. Calculate the log likelihood of the cbserved age
camposition and sum with log likelihoods for this type of data in other years.

i. If there was a length camposition cbservation in that year, then use the
length at age key to convert the mean mumbers at age in the population to the
length camposition of the population. Then use the type, length-specific
selectivities to calculate an expection for the sampled, cbserved length
camposition. Calculate the log likelihood of the cbserved length composition
and sum with log likelihoods for this type of data in other years.

j. cCalculate the total fishing mortality for ages 5+, weighted by the
abundance at each age and sex. This mortality will be used to calculate the
expected number of tags returned in this year.

k. Calculate spawning bicmass of females from the numbers at age at the
beginning of the year (when spawning occurs), weight at age, and fraction
mature.

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

3. For each type of survey, recalculate Q before calculating the deviations
between the individual cbserved and estimated survey abundances. Q is fixed at
1.0 for the survey that is defined as fully quantitative, the abundance of 32-
4lcm 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+
mortalities. The following FORTRAN statements accomplish this task:
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TAGSOUT=1.0
REIRET=0.0
LIKE(Y,T)=0.0

DO 800 Y1 = Y+1,LYR
Z = F5(Y1) + NATMORT + TAGLOSS
ERETURN(Y1) = TAGSOUT * F5(Y1)/Z * (1.0-EXP(-Z))
REIRET = REIRET + ERETURN(Y1)
800  TAGSOUT. = TAGSOUT * EXP(-Z)
DO 810 Y1 = Y+1,LYR
ERETURN(Y1) = ERETURN(Y1)
810 LIKE(Y,T) = LIKE(Y,T)+ORETURN(Y,Y1)*ALOG(ERETURN (Y1) )

where Y is the release year, LYR is the last year for which there are returns
from this release, ORETURN is the cbserved mmber of returns in year Y1 from
release year Y, F5 is the fishing mortality for ages S+ cambining both gear
types and weighting F at age by the abundance at that age, ERETURN/RELRET is
the expected percentage of these returns that should occur in year Yl1. TAGSCUT
is proportional to the effective initial mmber of tags and its value does not
matter.

5.  Calculate the likelihood camponent for the mean trawl survey (small) from
the Q for this type of survey.

6. Calculate the likelihood for the stock-recruitment relationship from the
log(estimated/expected) for 1977 - 1985, the years with individual recruitment
estimates. Use a standard error value of 0.40 for calculation of the log
likelihood.

Total log likelihood

The log likelihoods for each type of data are multiplied by their assigned
emphasis factor then summed to provide the current value for the overall log-
likelihood. The emphasis factors for each camponent were set equal to 1.0 with
the following exceptions. Goodness-of-fit to a stock-recruitment relationship
was calculated, but assigned an emphasis of 0.001 so that it would not affect
the parameter estimates. The importance of the trawl survey (small) is solely
to set the mean level of recruitment for the survey years. Therefore, the
likelihood of the deviations in individual years is given a nil emphasis of
0.001, and the fit to the size camposition which contributes to this subset of
the trawl survey is not even calculated. Instead, the emphasis on the fit to
the mean of the trawl survey (small) is started at a high (100) value, then
reduced within the run as the fit to the mean stays at a good level (>-0.02).
Although the age and length campositions each have an emphasis of 1.0, they
have already been deemphasized by scaling each individual sample so that the
total number of fish measured (or aged) is a maximum of 400 in each sample.
Note that the total number of fish measured (aged) acts as a multiplier on the
log likelihood for that sample. Because the multinomial error model ignores
process error, it is unreasonable to allow a sample with a large sarple size to
be given extremely high emphasis.

Parameter Estimation
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'mepaxameterswhldummumueﬂleabovewemllloglmelmoodarefqmdbyan
iterative procedure that utilizes mumerical estimates of the first derivatives
and Hessian matrix of mixed partial derivatives. In this adaptation of the
Gauss-Newton procedure, the amount by which to change the parameters is
calculated by inverting the Hessian matrix and post-multiplying by the first
derivatives. 'mepz'ocem:eworkswellandgenerallycmwexgesinfwer
iterations than the mmber of parameters (26). However, this mmerical, brute-
force approach is time-consuming. On a 20 Mhz micro-camputer with math co-
processor, evaluation of the likelihood function takes about 1 second. But a
very large mmber of evaluations are necessary to calculate all the derivatives
so, even with mmerous short-cuts, the total run time is 15 min to 1 hour.
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Results

The configuration of the model included the parameters and coefficients listed
in Tables 6 and 7. Evaluation of the model's ability to match the sablefish
databaseproceededmseveralstags. Most of these stages occurred in the
preliminary scenario, then a small subset were evaluated in the final scenario.
The differences between the two scenarios are as follows: (1) extra juvenile
mortality - none in the preliminary scenario, estimated in the final scenario;
(2) area expansion of the trawl survey - none in the preliminary and 6.5%
expansion to Pt. Conception in the final runs; (3) size at age 5 - revised
dowrwards in final runs due to bias detected in preliminary runs and because
the usedinthepreliminarynmswasbasedonﬂmgrowthcuxvesflttothe
1983 1985 pot survey data rather than the cbserved mean size at age 5 in
these two surveys; (4) maximm size - best values were estimated in the first
stage of the final scenario to be less than the values used in the preliminary
scenario. The expected impact of the differernces between the two scenarios is
that juvenile mortality will decrease estimated population bicmass, area
expansicn will increase biomass, and decreased growth and decreased maximm
size will decrease biomass.

Preliminary scenario
Incomplete models

The first set of runs in the preliminary scenario was designed to gradually
relax the assumptions made in past analyses. The first run was designed to
mimic stock reduction analysis, albeit in a cumberscme age-structured manner
(Table 8). All recruitments were taken from the stock-recruitment relation-
ship, only the fit to the mean abundance in the 3 tri-ennial surveys was
considered, the fixed gear selectivity was set nearly at knife-edge at age 3,
trawl selectivity was set so that the peak occurred at 44-45 cm and gradually
declined for larger fish, and the only parameter estimated was the level of
virgin recruitment. Hence we are calculating the virgin recruitment level that
would produce the mean of the 3 cbserved recruitments and be consistent with
the cbserved time series of fishery removals. The resultant estimate of age 3+
biomass in 1988 is 127,000 mt, down from 240,000 mt in 1970. The fit of this
smple model to the individual surveys and to the age and length coampositions
is poor. When the survey selectivities and, especially, the fishery selec-
tivities are estimated, there are large improvements to the fit to these data
but little change in the estimated abundance. Fitting the individual recruit-
ments during 1977 - 1985 results in a smaller improvement to the overall
likelihood function and a decrease in the level of abundance. The improved fit
abtained by estimating individual recruitments is due to the model's ability to
match the scant information on variation in year class strength. Because the
improvement is small, it seems that either variation in recruitment has not
been great or that the various types of data are not consistent in indicating
which years had good recruitments. Wwhen individual recruitments are estimated,
the model is now able to estimate that the mean recruitment during the period
1977 - 1985 was less than the mean of the recruitments observed in 1980, 1983,
and 1986. This causes mean biamass to be lower and to decline more rapidly,
thus improving the fit to the declining pot index.
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Table 6. Constants in the sablefish synthesis model.
Preliminary Final

Male growth:

Iength at age 1 38.4 38.4
Iength at age 5 52.3 52.0
Asymptotic length 70.0 64.5
C.V. length at age 1 0.068 0.068
c.v. length at age 20 0.0902 '0.0902
Female growth:

Ierngth at age 1 38.4 38.4
Iength at age 5 57.3 56.2
Asymptotic length 85.0 77.5
c.v. length at age 1 0.068 0.068
c.v. length at age 20 0.1452 0.1452
Length-Weight power function

intercept 2.3319E-6 2.3319E-6
slope 3.3639 3.3639
Maturity-length logistic function

slope 0.2491 0.2491
Length at 50% maturity 58.3 58.3
Trawl fishery logistic retention function

slope 0.809 0.809
Iength at 50% retention 41.4 41.4
Asymptotic retention 1.00 1.00
Trawl survey are maltiplier 1.000 1.065
Iong-term tag loss rate 0.100 0.100
Stock-recruitment density

dependence 0.889 0.889
Ageing error saturation function

parameter 1 0.223 0.223
parameter 2 4.345 4.345
Catch multiplier 1.000 1.000
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Table 7. Parameters estimated by mmerical calculation of derivatives to the
overall log likelihood, except natural mortality, trawl fishery P1, and trawl
survey Pl were fixed at the indicated values and were not changed within a run
and recruitment multipliers expressed as negative values are simply calculated
fram the spawner-recruitment curve and are not individually estimated.
Recruitments are expressed as miltiples of the mean recruitment.

value value
Nat mort 0.15 0.15
Juve mort 0.04 0.012
Male effect 1.50 1.717
Fixed P1 45.0 44.4
P2 65.0 67.2
P3 4.0 2.154
Trawl P1 36.0 36.0
P2 50.0 57.6
P3 4.0 4,215
Trawl Surv P1 24.0 24.0
P2 38.0 38.3
P3 3.0 3.354
N pot P1 45.0 43.8
P2 55.0 54.2
P3 2.5 2.144
S pot P1 45.0 42.9
P2 55.0 53.4
P3 2.5 2.499
Virgin Recr. 9500. 9522.
Mean Recr. 9500. 9560.
Recr 69 -1.0 -0.971
Recr 70 -1.0 -0.971
Recr 71 -1.0 -0.971
Recr 72 -1.0 -0.971
Recr 73 -1.0 -0.968
Recr 74 ~1.0 -0.966
Recr 75 -1.0 -0.962
Recr 76 -1.0 -0.955
Recr 77 1.5 1.598
Recr 78 0.5 0.217
Recr 79 1.5 1.763
Recr 80 1.5 1.345
Recr 81 1.0 0.819
Recr 82 1.0 0.838
Recr 83 0.5 0.650
Recr 84 0.5 0.499
Recr 85 1.5 1.266
Recr 86 -1.0 -0.841
Recr 87 -1.0 -0.827
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Table 8. Summary of synthesis model runs. The values displayed are estimated
virgin recruitment, estimated mean recruitment for the 1977 - 1985 year
classes, bicmass for ages 3+ in 1970 and 1988 (values are mean within year, not
begimning of year), fishing mortality for ages 5+ which is used to calculate
expected tag returns, the overall log likelihood calculated using the standard
emphasis factors, and for the northern pot index the log likelihood of the time
series ard the expected survey value for 1987.

Age 3+
Recruitment Biomass Age 5+ Northern Pot
F in Total ————em—————
Title Virgin Mean 1970 1988 1988 Like Like E(87)

Incamplete models

SRA MIMIC 10969 N/A 240 127 0.073 -3293 -34 6
FIT SURVEY 11470 N/A 253 120 0.065 -2672 =33 6
FIT SURVEY & FISH 10817 N/A 236 124 0.085 -1341 -35 6.
FIT SURVEY & RECR 7136 10234 141 54 0.149 -2601 -18 5

Preliminary "best" model

NULL START 8987 9080 189 86 0.122 -1196 =21 5.6
GOOD START (LOW VR) 9688 9286 207 95 0.111 -1196 =20 5.4
GOOD START (HIGH VR) 9825 9284 210 95 0.111 -1195 -19 5.3

No forcing on mean trawl survey small fish

GOOD START 8913 7955 187 68 0.155 -~1192 ~18 4.8
GOOD START (LOW VR) 8463 7253 175 54 0.192 =-1192 =17 4.4
GOOD START (HIGH VR) 9478 8752 201 84 0.126 -1192 -19 5.2
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Table 8 continued.

Age 3+
Recruitment  Biomass Age 5+ Northern Pot
F in Total ——————er——ee
Title Virgin Mean 1970 1988 1988 Like Like E(87)
Emphasis runs '
STOCK-RECR 10x 9887 9370 212 101 0.104 -1212 =23 5.8
STOCK-RECR 0.1X 9493 9185 202 92 0.114 -1199 =19 5.5
TAG RETURN 100x 12429 11348 277 141 0.077 -2064 -40 6.5
TAG RETURN 10x 9497 9168 202 94 0.111 -1206 =23 5.8
TAG RETURN 0.1x 9864 9298 211 95 0.111 -1195 <19 5.3
TRL SURV 10x ALL 10774 10320 235 111 0.096 =1255 =15 4.7
TRL SURV 0.1x ALL 9330 8702 198 85 0.123 -1207 <20 5.5
TRL SURV 10x ABUND 9893 9216 212 94 0.112 -1195 =19 5.2
TRL SURV 0.1x ABUND 9604 9195 205 92 0.114 -1193 =20 5.4
POT SURV 10X ALL 5924 7699 109 49 0.227 -1441 =27 6.4
POT SURV 0.1X ALL 19796 12447 466 235 0.046 -1394 =23 3.7
POT SURV 0.1X ABUND 9482 9248 201 93 0.113 -1194 =21 5.6
POT SURV SX ABUND 9630 8577 205 80 0.118 -1213 ~12 4.6
POT SURV 10X ABUND 8841 7757 185 58 0.174 -1265 -6 4.1
POT SURV 25X ABUND 8817 7610 184 52 0.189 -1390 3 3.7
FISHERY 10X 22205 13315 528 272 0.040 -1452 -28 3.6
FISHERY 0.1X 6408 8027 121 57 0.186 -1318 -26 6.4
AGE CCMP 10X 8957 8174 188 89 0.116 -1603 =27 6.0
AGE QOMP 0.1X 7754 8986 157 67 0.157 -1338 =22 5.9
IEN CoMP 10X 7480 9408 149 71 0.150 -1386 =27 6.5
IEN COMP 0.1X 9592 8056 204 91 0.113 -1579 -19 5.3
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Age 3+

Recruitment Biomass Age 5+ Northern Pot
F in Total —-————————
Title Virgin Mean 1970 1988 1988 Like Like E(87)

Sensitivity to biological and cother constants
BIOLOGY - SET-UP 9528 9122 202 91 0.116 -1193 =20

5.4
IARGE MALES 75 9404 8953 205 91 0.118 =1228 <-20 5.4
SMALL MALES 65 9606 9228 198 91 0.116 -1176 <-20 5.5
FAST MAIES 15-=54.3 10232 9592 231 110 0.092 =1275 =19 5.3
SIOW MAIES I5=50.3 9021 8619 180 72 0.148 -1159 =21 5.3
IARGE FEMALE 90 9451 9117 209 94 0.114 -1218 =20 5.4
SMALL FEMALE 80 9531 9068 194 85 0.120 -1177 =20 5.4
FAST FEMALE 15=59.3 9695 9484 221 108 0.098 ~-1240 =20 5.6
SIOW FEMALE I5=55.3 9232 8556 180 71 0.147 ~1181 -20 5.1
NATURAL MORT=.175 11068 9204 180 66 0.155 =1222 =19 4.7
NATURAL MORT=.125 7678 8734 219 113 0.096 -1177 =22 6.1
NATURAL MORT=.100 6419 8604 263 155 0.073 =-1177 =25 6.7
EXTRA JUVEMORT=.05 9902 9302 193 79 0.132 ~-1195 <19 5.1
EXTRA JUVEMORT=.15 11401 10393 189 74 0.141 -1199 =19 5.0
ILOWER AGE ERRCR 10121 9347 218 101 0.104 -1209 -23 5.5
HIGHER AGE ERROR 9472 8932 201 87 0.120 =1190 -21 5.3
CATCH MULT = 1.05 9708 9247 207 88 0.126 <1193 -19 5.3
CATCH MULT = 1.20 10279 9400 221 77 0.163 -1189 -18 4.8
MAX TWL RETAIN=.95 9559 9162 203 88 0.123 -1193 <19 5.3
MAX TWL RETAIN=.90 9618 9220 205 85 0.130 -1192 <19 5.2
TAGIOSS=.15 (10x) 11730 9731 259 123 0.109 =1222 22 5.4
TAGLOSS=.05 (10x) 8077 8687 165 77 0.173 -1211 -25 6.2
TWL RECR SIZE=38 9394 8875 199 87 0.121 =1203 -20 5.3
TWL RECR SIZE=34 9549 9280 203 91 0.115 -1194 -19 5.4
TRL RECR SIZE=26 9548 9176 203 91 0.115 =1194 =20 5.4
TRL RECR SIZE=22 9512 9134 202 91 0.116 -1194 =20 5.4
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Table 8 continued.

‘Age 3+
Recruitment Biomass Age 5+ Northern Pot
F in Total ———————————
Title Virgin Mean 1970 1988 1988 Like Like E(87)

FOLLOWING RUNS USE NO FORCING ON THE MEAN TRI-SMALL

START 9300 7000 9402 9083 199 90 0.116 -1198 =20 5.5
START 8000 7000 9302 8255 197 76 0.137 -1193 ~18 4.9
START 10000 7000 9358 8982 198 88 0.119 -1198 ~20 5.4
START 11000 9000 9485 9365 201 95 0.110 =1215 <21 5.7
START' 8000 6000 9000 8227 189 73 0.140 -1192 =~18 5.0
STOCK-RECR 10x 9771 9234 209 29 0.107 -1216 ~23 5.8
STOCK-RECR 0.1X 9618 9158 205 94 0.113 -1196 ~20 5.5
TAG RETURN 10x 9359 8570 198 86 0.121 -1210 =22 5.6
TAG RETURN 0.1x 9486 8986 201 89 0.118 -1198 ~20 5.3
TRI SURV 10x ALL 9460 8060 201 65 0.162 -1270 ~14 3.7
TRI SURV 0.1x ALL 9642 9157 205 96 0.109 -1211 -21 5.7
TRT SURV 10x AB 9293 8562 196 81 0.129 -1199 -~18 5.1
TRT SURV 0.1x AB 9084 8741 191 82 0.127 -1198 <20 5.4
POT SURV 10x AILL 5906 6108 108 25 0.431 -1446 3 4.5
POT SURV 0.1X ALL 18158 14117 424 241 0.045 -1378 =22 4.2
POT SURV 25x AB 7918 6595 161 33 0.289 -1386 1 3.3
POT SURV 10x AB 8198 6789 168 40 0.247 =1260 -6 3.6
POT SURV Sx AB 8397 7116 173 49 0.208 -1217 <11 4.0
FOT SURV 0.1X AB 10009 10706 215 121 0.087 =1200 <25 6.3
FISHERY 10x 43783 31344 1079 765 0.015 =1417 =26 4.6
FISHERY 0.1x 6170 6345 116 31 0.334 -1333 -19 4.7
AGE COMP 10x 12140 16493 270 244 0.043 =-1607 -39 8.4
AGE COMP 0.1x 7455 7455 149 42 0.245 -1346 <16 4.7
LEN COMP 10x 6507 7887 124 43 0.241 -1444 =23 5.7
LEN COMP 0.1x 9259 8170 196 91 0.111 -1596 =21 5.6
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Table 8 continued.

Age 3+
Recruitment Biomass 2Age 5+ Northern Pot
F in Total ———————
Title Virgin Mean 1970 1988 1988 Like Like E(87)

FOLLOWING RUNS DELETE QNE SURVEY OR FISHERY SAMPLE

NULL, NO DELETIONS 9596 8893 204 87 0.121 =1195 -19 5.2
DEL 71 N POT SURV 12512 9567 279 127 0.085 -1089 =20 5.0
DEL 79 N POT SURV 9844 9867 211 102 0.104 =1095 =21 4.9
DEL 80 TRAWL SURV 9651 8825 206 89 0.117 -1112 -18 5.4
DEL 80 N FOT SURV 9856 9586 211 100 0.106 -1187 <20 5.6
DEL: 81 N POT SURV 9632 8785 205 88 0.120 -1145 ~13 5.7
DEL 83 TRAWL SURV 9400 92002 199 89 0.118 -1149 <21 5.5
DEL 83 N POT SURV 10722 9916 233 116 0.092 =1097 -9 5.3
DEL 84 S FOT SURV 9486 9301 201 %6 0.110 -1170 =22 5.7
DEL 85 N POT SURV 11224 10337 246 120 0.089 -960 -18 4.8
DEL 86 FIXED FISH 9081 8931 191 90 0.115 -1146 =21 5.7
DEL 86 TRAWL FISH 8620 8975 179 83 0.126 -1120 <21 5.8
DEL 86 TRAWL SURV 9437 9654 200 101 0.104 ~1119 <23 6.1
DEL 86 S POT SURV 9541 9350 203 96 0.109 -1154 =22 5.7
DEL 87 FIXED FISH 8438 9122 174 83 0.127 -1046 =24 6.1
DEL 87 TRAWL FISH 8250 9099 176 83 0.126 -1048 =22 6.1
DEL 87 N POT SURV 9307 9511 197 95 0.110 =1172 =7 6.1
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Table 8. continued.
The following set of final runs have these characteristics:
1. increase swrvey abundances by 6.5% for the Conception expansion
2. include extra natural mortality on juveniles
3. change 15 values to 52.0 for males, 56.4 for females

Age 3+
Recruitment Bicmass Age S5+ Northern Pot
‘ F in Total =———————————
Title Virgin Mean 1970 1988 1988 Like Like E(87)
Find best L values
M65 F 76 9910 9710 176 76 0.132 -1142 ~20.4 5.36
M65 F 78 10133 9789 179 80 0.127 -1241 ~20.5 5.42
M 65 F 80 9853 9671 177 74 0.136 -1145 -19.7 5.32
M 65 F 82 9977 9695 180 79 .13 -1151 -20.3 5.42
M62 F 79 10223 9735 177 79 0.128 -1153 -20.4 5.43
Me64 F 79 9922 9751 176 76 0.133 ~1141 -~20.7 5.4
M66 F 79 10113 9521 178 77 0.132 -1146 -20.2 5.35
M68 F 79 9651 9609 177 74 0.137 -1156 ~20.2 5.36

Select best L, as M 64.5, F 77.5
Final Runs. THE FIRST OF THESE IS SELECTED AS THE BEST FINAL RUN

virg~recr=8000 9522 9560 176 79 0.126 =1143 -20.2 5.54
virg~-recr=11000 10249 9913 175 79 0.128 -1153 -20.7 5.5
pot abund 10x 9716 8369 163 48 0.199 ~1224 -7.3 4.03
age camp 0.1x 8947 9998 145 65 0.156 =1247 ~22.7 5.84
natmort = .17 11861 10143 176 68 0.144 =1170 -19 4.87
natmort = .13 8426 9436 175 85 0.119 -1128 ~22.3 5.97
natmort = .11 7267 9405 175 91 0.114 -1095 ~23.9 6.44
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Pre best model

The model is able to converge on approximately the same "best" point from a
range of starting points (Table 8): initial selectivities are knife-edge and
initial recruitments are from stock-recruitment relationship (mill start), good
starting values but a low initial guess for virgin recruitment (good low
start), or good starting values and a high initial guess for virgin recruitment
(good high start). The end result is sensitive to the starting virgin recruit-
ment level when run witheut-the extra- likelihood camponent which forces a near
perfect fit to the mean of the trawl survey (small). Without this forcing, the
estimated recruitment levels are lower which causes a more rapid decline in
bicmass and a better fit to the pot index surveys. Note that the overall
likelihood is the same for these three different levels of virgin recruitment.
The patterns of estimated selectivity in this model largely match our prior
expectations (Table 9): smaller fish are more available to the trawl fishery
than to the fixed gear fishery, maximm availability to the trawl survey (all)
occurs for the size range of the age 1 fish then trails off rapidly throughout
the size rarge 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 size range of ages 4-6, availability to the southern pot index
is displaced slightly towards smaller fish relative to the northern pot index.

Varying Emphasis

The level of emphasis placed on each type of data can influence the nature of
the final solution if the variocus types of data are not campletely consistent
with each other. If all of the camponents of the overall log likelihood
function are correctly specified, then placing equal emphasis on each type
should achieve the best campromise solution among the various types of data.
However, we have already noted that the mltincmial model used to specify the
error structure for the age and length campositions will tend to overestimate
confidence in these samples. Certainly other simplifications in the model will
distort the correctness of the likelihood definitions. Here we will explore
the sensitivity of the overall result to variation in the emphasis placed on
each type of data. In each of the following runs the emphasis on same likelih-
ood camponent is changed. To facilitate comparison of results, we also
calculate the overall likelihood with the original, standard emphasis factors.
These likelihoods are presented in Table 8.

1. Stock-recruitment. The basic model largely ignored the fit to this
function, the emphasis was only 0.001. Raising the emphasis to 1.0 degraded
the overall likelihood by only about 5 units. Raising the emphasis to 10.0
tended to reduce the variation in the estimated recruitments as they were
pulled closer to the stock-recruitment relationship. This degraded the fit and
raised the ending biomass, similar to the above models in which the all
recruitments were taken directly from the stock-recruitment relationship.

2. Tag return. Reducing this emphasis to 0.1 had no effect on the model.
Increasing the emphasis to 10.0 slightly degraded the fit but did not substan-
tially change the estimated stock abundance. However, increasing the emphasis
to 100.0 caused a large increase in estimated aburdance and a great degradation
in the overall likelihood.

B-47




Table 9. Size specific selectivities in preliminary model. The trawl survey
(small) selectivities are fixed at the indicated values ard are not estimated.
The trawl fishery retention fractions are calculated from a logistic function
and are not estimated in the model. .

_ Fishery  Trawl Survey N. Pot S. Pot Trawl
Fixed Trawl small ail retain

- Male Selectivities
.003 005 1.000 .971 .005 .005 .007

32.0- 36.0

36.0- 38.0 .005 .073 1.000 1.000 .009 .009 .036
38.0- 40.0 .006 .209 1.000 .852 .012 .011 .152
40.0- 42.0 .007 .349 1.000 .661 .014 .013 .431
42.0~ 44.0 .009 .488 .000 .484 .017 .078 .755
44.0- 46.0 .066 .626 .000 -347 .143 .302 .934
46.0- 48.0 .220 .758 .000 .248 .456 .616 .986
48.0- 50.0 .414 .877 .000 179 .796 .878 .997
50.0- 52.0 .602 .965 .000 1317 1.000 1.000 .999
52.0~ 54.0 .774 1.000 .000 .097 .986 .926 1.000
54.0- 56.0 .910 .964 .000 .073 .807 .723 1.000
56.0- 58.0 .989 .859 .000 .056 .591 .509 1.0Q0
58.0- 60.0 1.000 .710 .000 .044 .416 .345 1.000
60.0- 64.0 .888 .-491 .000 .031 .259 .206 1.000
64.0~ 68.0 .670 .271 .000 .020 .138 .103 1.000
€8.0- 72.0 .462 .146 .000 .014 .080 .056 1.000
72.0~ 76.0 .312 .081 .000 .010 .050 .033 1.000
76.0- 80.0 .214 .047 .000 .007 .033 .021 1.000
80.0~ 90.0 .128 .023 .000 .004 .020 .012 1.000
90.0-100.0 .080 .011 .000 .003 .012 .007 1.000

-—————————ee Female Selectivities ——————-
32.0~ 36.0 .003 .005 1.000 .963 .006 .005 .007
36.0- 38.0 .005 .079 1.000 1.000 .010 .010 .036
38.0- 40.0 .007 .227 1.000 -924 .013 .012 .152
40.0~ 42.0 .008 .378 1.000 .818 .016 .015 .431

42.0~- 44.0 .010 .527 .000 .705 .019 .087 .755
44.0- 46.0 .074 .671 .000 .599 .155 .333 .934
46.0- 48.0 .246 .802 .000 .506 -474 .657 .986

48.0- 50.0 .454 .909- .000 .427 .782 .893 .997
50.0- 52.0 .640 .979 .000 .362 .955 1.000 .999

52.0- 54.0 .792 1.000 .000 .308 1.000 .987 1.000
54.0- 56.0 .903 .970 .000 .264 .962 .898 1.000
56.0- 58.0 .971 .897 .000 .228 .884 .782 1.000
58.0- 60.0 1.000 .796 .000 -198 .795 .667 1.000
60.0- 64.0 .981 .633 .000 .163 .672 .526 1.000
64.0- 68.0 .908 .442 .000 127 .536 .383 1.000
€8.0~ 72.0 .808 .302 .000 .101 .435 .286 1.000
72.0- 76.0  .708 .208 .000 .082 .359 .220 1.000
76.0- 80.0 .617 .146 .000 .067 .303 .174 1.000
80.0- 90.0 .497 .090 .000 .050 .237 .126 1.000
90.0-100.0 .418 .057 .000 .040 .197 .097 1.000




3. Tri-ennial trawl survey. Tenfold increase or decrease in the emphasis on
just the abundance estimates had no effect on the model. Apparently these
cbservations are highly consistent with other data in the model. Increasing or
decreasing the emphasis on survey alundance and length camposition by tenfold
caused a degradation in the overall likelihood, but a different effect on
estimated abundance. High emphasis on all trawl survey data caused higher
estimated abundance and, unexpectedly, an improved fit to the pot index
aburdance. :

4. Pot surveys. Increasing the emphasis on all pot survey abundance, length
canposition and age camposition data produced a poor overall fit and an
unreasanable result with a very low level of virgin recruitment. This may be
due to an improved fit to the 1971 northern pot index size camposition because,
note below, that deletion of the 1971 northern pot index data caused a high
estimate of virgin recruitment. Conversely, reducing the emphasis on all pot
index data also produced a poor overall fit, but with a very high level of
estimated atundance. A very consistent, monotonic result occurred when the
change in emphasis was only on the abundance aspect of the pot index survey.
Higher emphasis on the abundance in the pot index caused a much improved fit to
this type of data, a degraded overall fit, and a decrease in the estimate of
current biamass.

5. All fishery data. The overall result was highly sensitive to the emphasis
placed on the fishery age and size camposition data. Primarily because the
great abundance of older fish in the fisheries is at odds with the declining
pot index and the lack of older fish in the 1983 and 1985 pot index surveys.
Note that the break-and-burn technology for reading sablefish otoliths is still
evolving. A change in ageing criteria occurred between the time the 1986 port
samples were read ard the 1987 port samples were read. The magnitude of the
change is not known and it is likely that only older fish are affected. Scme
otoliths previocusly read by the old criteria are being re-read so that a
calibration can be developed.

6. All age camposition or all size composition data. The estimated biomass
was not overly sensitive to the emphasis placed on all the age composition data
or on all the size camposition data. But the overall fit to the model is
substantially degraded if the emphasis on all age composition or all size
camposition is changed. We see no reason for setting these emphasis factors at
anything other than 1.0. '

Model Sensitivity to Constants

In the next stage of the preliminary runs we investigated the model's sen-
sitivity to various fixed coefficients.

1. Growth. Faster and slower growth and maximm size was investigated for
each sex (Table 8). Better fits and substantially lower biomasses were
obtained at slower growth or smaller maximimm size for each sex. On the basis
of this result we reexamined the information available on size at age 5 and
made small adjustments for the final scenario and we decided to use the model
o determine which values for maximum size gave the best fit.
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2. Natural mortality. A better fit and substantially higher biomass was
obtained at lower levels of natural mortality. Most of the improved fit was
due to a better match to the high frequency of old fish in the 1987 fishery
samples. The fit to the pot index surveys was degraded at lower levels of
natural mortality because with more old fish in the population the estimated
pot index camnot charge nearly as rapidly as the observations changed. At low
levels of natural mortality an unexpected result occurs. Estimated virgin
recruitment is substantially less than the estimated mean level of recruitment
during 1977-1985. This occurs because virgin recruitment and natural mortality
determine the relative abundance of older fish at the end of the time series,
when most of the data wre collected. With lower M, virgin recruitment also
mist be lower otherwise there will be too many old fish in the population.
Although a better overall fit is obtained at lower levels of natural mortality,
the poor fit to the pot index and the low estimate for virgin recruitment
suggest that the natural mortality equal to 0.15 is more realistic for the WoC
portion of the sablefish population.

Introducing additional natural mortality on juveniles had an insignificant
effect on the fit and lowered the estimated current biomass. The major impact
was on the estimated level of recruitment. This occurs because the recruitment
values are referenced to the beginning of the year, but the recruitment
measurements (i.e. the trawl survey (small)) are referenced to the mean
abundance within the year. The extra natural mortality on juveniles has a
large impact on the ratio of initial mumbers to mean mmbers so at higher
levels of juvenile mortality the estimated initial mmbers must be increased to
maintain a good match with the dbserved mean numbers.

3. Ageing error. Changing the level of ageing error had only a small effect
on estimated biamasses or the goodness of fit.

4, Catch multiplier. Increasing all of the catch biomasses (trawl and fixed)
by 5 or 20% had the expected effect of decreasing the estimated current biomass
because mean recruitment is f1xedbythe3 cbserved recruitments. This
decrease in recent levels of biomass improves the fit to the pot index and,
slightly, to the overall likelihood. If there is evidence that historical
landings were underreported by more than 5%, then this factor should be
incorporated in the analysis.

5. Trawl discard. In 1987 there is evidence that about 10.5% of large
sablefish were discarded by the trawl fishery, presumably most of this occurred
at the end of the year after the sablefish quota had been reached. If we
assume that similar levels of discard occurred historically, then the model
estimates a small reduction in the current biamass. In next year's version of
the sablefish model we should make provisions for yearly changes in the amount
of sablefish discarded after the close of the season.

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 10x
emphasis on the tag return data, so the default for comparison is the emphasis
run called TAG RETURN 10x. Estimated biomass is positively correlated with the
level of tag loss for the following reason: if tag loss is lower than the
default value of 0.1 then, in order for the model to maintain a good match to
the observed pattern of tag returns, it must decrease estimated biomass thus
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increasing estimated fishing mortality thus increasing the rate at which tags
are removed from the tagged population.

7. First availability. The model has difficulty in estimating the size at
which sablefish first become available to the trawl fishery. This occurs
because the retention goes to zero for the small fish so one cannot tell the
difference between not. catching any small fish and catching and discarding many
small: fish. In fact, the model prefers the latter scenario because it allows
it to kill off many small fish, driving the bicmass down and achieving a better
fit to the declining pot index. We found it necessary to fix the size at first
availability at a reascnable value (36 cm). Table 8 indicates that any value
in the range 34 - 38 cm would have the same result. The model also had
difficulty with estimating the size at first availability to the tri-ennial
trawl survey probably because the model ignored fish less than 32 cm ard the
first category, 32-35 cm, was 4 cm wide. We found that values in the range 22-
26 cm gave the best shape to the availability function for larger sizes ard all
runs were done with this availability parameter set at 24 cm.

Model Sensitivity to Data

The influence of individual surveys and fishery samples was investigated by
deleting one survey or fishery sample then running the model without that
cbservation. Note that in Table 8 the reported likelihoods cannot be readily
campared because the likelihoods are total likelihoods and are not likelihoods
per cbservation. When a deletion was made, all types of data (abundance, size
camposition, and age camposition) were deleted at the same time. Among these
16 runs, the mean age 3+ bicmass in 1988 was 97,000 mt (s = 13,000). The
minimm was 83,000 mt which occurred when the 86 trawl fishery samples, or the
87 trawl fishery, or the 87 fixed gear fishery samples were deleted. The
maximm was 127,000 mt which occurred with deletion of the 1971 northern pot
survey, and large biamasses also resulted from deletion of the 1983 or 1985
northern pot surveys. These results reinforce a conclusion reached earlier.
The relative abundance of old fish in the 1986 and 1987 fishery samples is at
odds with the scarcity of old fish in the 1983 and 1985 pot index samples and
with the large recent decline in the pot index.

Final Scenario
Final Model Configquration

The "final" set of runs was made with the following changes to the "prelim—
inary" scenario. Abundances in the trawl surveys was increased by 6.5% to
extrapolate to Pt. Conception. Extra juvenile natural mortality was incor-
porated as a parameter to be estimated and was given an initial value of 0.04,
so that age 1 fish had a natural mortality of 0.19 and this rate declined
exponentially to 0.15 for the older fish. Size at age 5 was adjusted to better
fit the cbserved sizes at age 5 in the 1983 and 1985 pot index surveys. The
best values for maximm size were estimated in the first set of the final
scenario.

We investigated values of male maximum size in the range 62 - 68 cm (Table 8).
The best fit ocowrred at 64 cm and we selected 64.5 cm by a crude quadratic
interpolation as the value to use in the final runs. In camparing the L = 64
to the L = 68 runs, the greatest parameter change was the parameter which
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decreased the availability of larger males. With a smaller L , the large males
are estimated to be more available. The change in likelihood for those
camponents with substantial change was as follows: fixed gear age camp +7,
trawl age camp +16, north pot survey age camp -12, fixed gear size camp +3,
trawl size camp +5, trawl survey size camp +3, north pot survey size camp -3,
south pot survey size camp -3, overall +14. For females, we investigated
values in the range 76- 82. cmw1th 77.5 cm being selected as providing the best
fit.. At L = 78, relative to I, = 82, the larger females were estimated to
have higher availability to all surveys and fisheries. The change in likeli-
hood was as follows: fixed gear age comp +2, trawl age comp +7, north pot
survey age camp -7, fixed gear size comp +6, trawl size comp +1, trawl survey
size comp -5, north pot survey size comp +4, south pot survey size camp +3,
overall +10.

Seven final runs were made after incorporating the above changes to male and
female maximmm size. These runs were selected to produce an estimate of the
most likely status of the west coast sablefish stock and to bracket a range of
plausible alternatives. Results are summarized in Tables 10-14 and Figures 15-
16. Because the extra juvenile mortality parameter was included in the set of
parameters to be estimated, we tried two different starting values of virgin
recruitment, 8,000 and 11,000 (Runs 1 and 2). The higher value produced a
higher ending estimate for virgin recruitment (10,249 vs. 9,522) ard for
juvenile mortality (.042 vs. .012) and a worse fit (-1153 vs. -1143). Beginn-
ing age 3+ bicmasses (174,880 vs. 175,601) ard ending age 3+ bicmasses (78,524
vs. 78,621) were nearly identical. The run with the starting value of 8,000
was selected as the best nin to be examined in more detail below, and the
following runs used a starting value of 9,500 (which was the final value from
run 1) for virgin recruitment.

Irx:reasuxgtheemphasmonthepotmdexsurveysabtmdanoenxiex (Run 3)
certainly increases the goodness of fit to these cbservations, but degrades the
fit to several types of size and age camposition, especially the size camposi-
tion in the northern pot index itself. This occurs for two reasons. First,
the model, in an attempt to better match the fluctuations in the pot index,
estimates that a narrower size range is available to the pot index thus
degrading the fit to the size composition. Conversely, with a broader size
(hence age) range available to the survey, the estimated survey index cannct
change rapidly enocugh to go down to 4.8 in 1981, up to 10.6 in 1983, then
decline yearly to 2.8 in 1987. Secordly, the changes in rcruitment necessary
to match the index are not cbvious in the size/age camposition data. Overall,
the fit to the northern pot index size composition in run 1 (Figure 17) was
reasonably good.

Decreasing the emphasis on all age camposition data causes a large degradation
in the fit to the fishery age composition data (Run 4), and an improvement in
the fit to all length camposition data, especially the northern pot survey
length composition. The fit to the pot index abundance observations is
slightly degraded because, as mentioned above, a tight fit to these cbserva-
tions is somewhat at odds with a tight fit to the corresponding size composi-
tions.

Natural mortality levels from 0.11 to 0.17 (Runs 5,6,7) were evaluated. Lower

levels of natural mortality produce higher estimates of juvenile natural
mortality, lower estimates of virgin recruitment, nearly identical starting
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Table 10. Parameter values for the final runs. Pot 10x had an emphasis of
10.0 on the abundances in the northern and southern pot index. Age 0.1x had an
emphasis of 0.1 on all types of age camposition. Recruitments indicated as
negative values were simply taken from the stock-recruitment relationship and
were not individually estimated as paramaters of the model. Recruitments for
the year classes 1977 - 1985 were estimated as ratios to the estimated mean
recruitment. Three parameters, natural mortality, trawl fishery P1, and trawl
survey Pl were fixed at the indicated values and were not changed within a run.

Start Virgin Rec Natural Mortality
Pot Age
Paraneter 8000 11000 10x 0.1 M=.17 M=.13 M=.11
Nat mort 0.15 0.15 0.15 0.15 0.17 0.13 0.11
Juve mort 0.012 0.042 0.04 0.05 0.028 0.050 0.101
Male effect 1.717 1,379  1.421 1.525 1.430 1.423  1.537
Fixed P1 44.4 44.8 44.6 44.9 44.6 44.8 44.9
P2 67.2 66.4 61.5 67.5 66.9 64.8 64.2
P3 2.154 2,289 2,106 1.893  2.193  2.214  2.216
Trawl P1 36 36 36 36 36 36 36
P2 57.6 58.1 56.3 58.0 57.8 57.9 58.0
P3 4.215 4.566 5.103 4.794 4.359 4.567 4.682
Twl Svy P1 24 24 24 24 24 24 24
P2 38.3 38.1 39.4 38.7 38.1 38.5 39.0
P3 3.354  3.407 3.594  3.175 3.37  3.475 3.46
N pot P1 43.8 44.6 44.7 44.7 44.6 44.7 44.7
P2 54.2 53.3 53.3 53.9 53.4 63.2 53.4
P3 2.144 2.078 2.156 1.788 1.962 2.158 2.262
S pot P1 42.9 44.6 43.0 43.1 43.0 44.4 43.2
P2 53.4 51.9 52.5 53.6 53.2 52.1 53.1
P3 2.499 2.175 2.69 2.157 2.465 2.292 2.595

Virgin Recr., 9522 10249 9716 8947 11861 8426 7267
Mean Recr. 9560 9913 8369 9998 10143 9436 9405

Recr 69 -9283 =9952 ~9418 -8628 ~11593 =-8153 -6997
Recr 70 -9283 -9952 =~9415 -8628 -11593 =-8153 -6997
Recr 71 -9283 -9952 -9415 -8628 -11593 -8153 ~6997
Recr 72 -9283 -9952 ~9415 -8628 -11593 -8153 -6997
Recr 73 -9254 -9923 -9382 -8598 =~11553 -8125 -6979
Recr 74 -9235 -9903 ~9365 -8578 -11532 -8115 -6960
Recr 75 -9197 -9863 -9323 -8528 ~11482 -8077 <6932
Recr 76 =9130 ~9794 -9248 ~8458 ~11411 -8021 -6875
Recr 77 15277 15018 12570 15156 17618 14872 14888
Recr 78 2075 3668 1306 940 2069 2076 1307
Recr 79 16854 16525 24521 15386 18389 16806 16563
Recr 80 12858 13303 10352 15126 14169 10682 10816
Recr 81 7830 7930 5892 7638 8145 8436 8088
Recr 82 8011 8396 7122 8338 8540 7662 7703
Recr 83 6214 6532 2820 10587 6258 6351 6555
Recr 84 4770 5402 3088 1320 4950 5162 4957
Recr 85 12103 12440 7791 15766 11198 12909 14004
Recr 86 -8049 -8624 -7867 ~7138 -9980 =7077 -6048
Recr 87 ~7906 -8465 ~7574 =7018 ~-9737 -6983 =5991
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Table 11. Likelihood values for the final runs. Where Svy indicates a survey
and Fish indicates a fishery, Twl indicates trawl, Sml indicates the <42 om
camponent of the tri-ennial trawl survey. 1wl Svy Sml Q indicates the extra
camponent for forcing the mean deviation to be near zero. The total likelihood
is the sum of the individual components weighted by the indicated emphasis
factors, except using the altermate factors in the Pot 10x and the Age 0.1x
runs. The standard total likelihood is computed after a run using the standard
emphasis factors and zero emphasis on Twl Svy Sm Q.

Start Virgin Rec Natural Mortality
Pot Age
Type Enphasis 8006 11000  10x  O.1x M=.17 M=.13 M=.11

Survey Abundance
Sml 0.001 2.83 2.73 0.93 1.68 3.05 2.59 2.22
All 1l 2.57 2.51 2.28 1.63 2.96 2.21 1.76
N pot Svy 1(10) -20.2 =20.7 -7.3 =22.7 =19.0 -22.3 -23.9
S pot Svy 1(10) -10.1 -10.4 0.0 -13.9 -7.5 -=12.1 -13.8

Age Carposition
Fix Fish 1(0.1) -82.7 =-83.1 -83.2 -138.6 ~-85.8 -80.9 -78.1
1

Fish 1(0.1) -138.7 =132.9 -160.2 =-281l.1 -144.4 -124.7 -119.0
N Pot Svy 1(0.1) -135.6 =-136.4 -130.4 -119.5 -139.2 -133.5 -132.8

Size Camposition

Fix Fish 1 -66.0 -63.8 =57.7 =51.8 -62.8 =-62.5 =63.5
Twl Fish 1 -48.4 -47.5 =33.2 =31.7 -44.6 =-49.3 -52.3
Wl svy 1 -191.0 =-193.2 <=206.8 -=190.4 <=190.3 -190.4 -187.7
N Pot Svy 1 -345.2 =-342.7 -433.0 -282.5 -366.4 =-328.6 -314.7
S Pot Svy 1 -38.1 -55.2 -37.5 -41.0 -41.0 -57.5 -42.8

Other
Twl 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 Return 1 -69.7 =-69.5 ~77.2 <75.0 -71.7 -68.6 -67.8
Total -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 13. Estimates of the biomass at ages 3+ (mean within year) for the 7
final runs: 1 = start virgin 8000, 2 = start virgin 11000, 3 = 10x pot
emphasis, 4 = 0.1x age camp emphasis, 5 = natural mortality 0.17, 6 = natural
mortality .13, 7 = natural mortality .11.

Rumn: 1 2 3 4 5 6 7
Year Biamass at Ages 3+

70 175601 174880 162954 145019 175585 174899 174895
71 174976 174245 162198 144398 174991 174210 174155
72 172376 171957 159724 142136 172428 171835 171702
73 169049 168974 156495 139180 169187 168716 168460
74 165159 165441 152680 135673 165423 165008 164591
75 159302 159931 146843 130234 159762 159240 158580
76 146491 147420 133862 117857 147275 146295 145218
77 135798 137013 122966 107687 137057 135307 133669
78 130481 131993 117570 102703 132262 129697 127462
79 118499 120226 105235 91057 120875 117273 114344
80 117462 117973 99852 90491 120029 116570 114065
81 106553 108703 88188 79737 107373 106936 104653
82 109895 110655 99999 81788 109630 111215 109214
83 107402 107799 94316 82501 106011 107129 106180
84 100987 100883 85237 77027 97724 102507 102225
85 94512 94272 76898 72176 89715 96736 97607
86 86159 85861 63900 70171 79608 89641 91878
87 76962 77091 52198 58620 69142 81948 85046
88 78621 78524 47829 65094 67906 85474 90624
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Table 14. Estimates of the fishing mortality for ages 5+ (weighted by mumbers

at age) for the 7 final runs: 1 = start virgin 8000, 2 = start virgin 11000, 3
= 10x pot emphasis, 4 = 0.1x age comp emphasis, 5 = natural mortality 0.17, 6 =
natural mortality .13, 7 = natural mortality .11.

Rm: 1l 2 3 4 5 6 7

Fishing Mortality at ages 5+ —————————
70 0.023 0.023 0.025 0.028 0,023 0.023 0.024
71 0.025 0.025 0.027 0.030 0.024 0.025 0.026
72 0.043 0.043 0.047 0.052 0.043 0.044 0.045
73 0.035 0.035 0.038 0.042 0.035 0.036 0.037
74 0.053 0.053 0.058 0.064 0.053 0.054 0.055
75 0.068 0.068 0.075 0.083 0.068 0.069 0.071
76 0.166 0.167 0.187 0.206 0.166 0.170 0.172
77 0.068 0.068 0.076 0.086 0.067 0.070 0.072
78 0.104 0.104 0.116 0.132 0.102 0.107 0.110
79 0.202 0.202 0.232 0.261 0.199 0.207 0.214
80 0.081 0.080 0.094 0.106 0.079 0.082 0.085
81 0.102 0.102 0.117 0.134 0.101 0.103 0.106
82 0.168 0.168 0.187 0.221 0.168 0.171 0.175
83 0.135 0.136 0.147 0.178 0.137 0.136 0.138
84 0.138 0.139 0.167 0.177 0.142 0.138 0.140
85 0.151 0.153 0.194 0.193 0.160 0.150 0.150
86 0.153 0.154 0.211 0.192 0.165 0.149 0.147
87 0.157 0.159 0.238 0.196 0.175 0.150 0.146
88 0.126 0.128 0.199 0.156 0.144 0.119 0.114
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Figure 15. Northern pot index: ocbserved and estimated.
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Figure 16. Biamass at age 3+ in final runs.
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biomass levels, higher ending biomass levels, and better overall fits to the
model. However, lower natural mortality seems unrealistic because of further
degradation in the fit to the pot index and because of the low estimate of
virgin recruitment relative to mean 1977-1985 recruitment.

The following detailed description of the model's ability to fit the data is
based only on run 1 above.

Final Selectivities

The estimated selectivity patterns are described in Figures 18-19 and Table 15.
Selectivity by the tri-ennial surveys is maximm at the size mode of the age 1
fish. Selectivity is similar for the two pot surveys and the trawl fishery
with maximum selectivity occurring for ages 4-6. Large, 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 size-specific
selectivity, especially for sizes greater than L . This is sensible for the
following reason. Most of the decline in selectivity for larger older fish
must be due to offshore movement, out of the range of most surveys and fisheri-
es. The older males must tend to move offshore with similar aged females
rather than remain ip mid-depths with similar sized females. Because most of
the pattern occurred for fish larger than L , we should in the future examine
model sensitivity to the variance in size at age.

The interaction between these selectivity patterns and the normal distribution
of size at age produces sample estimates of mean size at age that are biased
relative to the population mean size at age (Figure 20). The tri-ennial trawl
survey is relatively unbiased for the age 1 fish, the trawl fishery and pot
surveys are good estimators for mean size at age 5, and the fixed gear fishery
should do a good job for the age 10+ fish. A sense of the accuracy of the
assumptions which lead to this result can be cbtained by examining Figure 21.
In 1986, the mean size of young female sablefish was overestimated in both
trawl and fixed gear samples, the mean size of older female sablefish was
underestimated by the predicted amount in the trawl samples, and the mean size
of older female sablefish was correctly estimated by the fixed gear samples.

Deviations in Mcdel Fit

Patterns of deviations in the fit to the diverse data are presented in Tables
16-19. An excellent fit is obtained for the tri-ennial trawl surveys (Table
16). The standard deviation of the log(abserved/expected), SD, was only 0.117
for the small fish component and 0.145 for the entire size range. The model is
able to obtain a good fit to these cbservations because each cbservation is
camposed primarily of one yearclass. Therefore, the model need adjust only one
parameter (one estimated recruitment) to get a good fit to each survey. Note
that for the trawl survey (small), the model is only attempting to force Q to
be near 1.0 ard it gives nil emphasis to year to year variations in this
component.

The model is less able to fit fluctuations in the pot indexes because at 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 from 81 to 83, then the
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run 1.
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Tkle 16. Results of the firel mdel nn inchating:  ceserved and estinated values for esch type of
survey; meen biamss within each yeer, fishing mxtality for the age at selectivity = 1.0; ad
estimated biamss discarded by the trad. fishery. Q is the ratio of the meen deserved to the meen
estimated. MV is the meen of the log(ckeerved/estimated). D is the stadard deviation of the
log(Geerver/estimated) .

Tradl Srvey —
<42 all sizes NRt SRt Biaess Fat Rull
- Selectior Trawl
Year Gs Bt s Bt Os Et s Bt Total Ap 3+ Fbed Tradd Discad
70 21600, 4918. 10.6 1.1 19818. 175473. .09 .0 77.
1 241, 4489. 10.3 10.5 11.0 194200, 174845. .011 .01  78.
72 2379, 4043, 10.3 10.8 19155%4. 17243. .4 .030 110.
73 21343. 43653, 10.1 10.6 188188. 168914. .013 .034 124.
74 21300. 43208. 9.9 10.4 184274, 165023. .037  .027 101.
<) 21244. 42872, 9.6 10.1 178360. 150165, 060 .032 15,
76 21100. 4174, 9.0 9.5 165413. 146353. .15%6 .6 129,
77 20978. 41107, 8.5 9.1 154633. 13560, 045 .39 140.
78 31168, 51906. 8.3 8.9 154739. 13034l1. .066 .04 291.
79 11973. 3282. 11.4 8.0 8.7 137460. 1183%©. .157 .85 281.
80 34349. 30686. 53418. 49469. 6.8 7.8 8.4 13/006. 117320. .02 .047 187.
81 30830, 2114. 4.8 7.7 8.5 137399. 106415. .060 .066 330.
2ol 20720, 43087. 7.9 8.8 131225, 109757. .087 .121 S0M.
83 17972. 18420. 40673. 382%9. 10.6 7.8 8.6 123266. 107264. .075 .093 312,
84 15101. 32643, 7.4 9.8 8.1 115424. 100851. .060 .111 316.
85 11747. 26871. 7.4 6.7 7.2 106614. 94375. .080 106 239.
86 20619. 23150. 30856. 37080. 6.0 4.6 6.3 123R. 8&27. .083 .15 324.
g7 1e879. 35329, 2.8 5.5 6.0 g7610. 76840. .087 .106 3é&4.
a3 120, 34042, 5.6 6.3 o4706. 78501. 071 .08S 2Z72.
89 17676. . 5.8 6.4 o178, T723R2. .02 .85 28.
20 1742, 2522, 5.7 6.3 91651. 79972. 073 .085 253,
91 17222, 32110. 5.7 6.2 o088,  74%00. 074 .086 292,
Q P .87 2387.50 4831.30
MW =011 -.016 -.8 -.06
D 117 .145 .39 37
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Table 17. Observed and estimated tag returns. Estimated returns are
calculated from the time series of F and 2 for ages 5+ in the years following
the release. For presentation, the expected proportion of returns in each
subsequent year is multiplied by the total mmber of tags actually returned
from that release.

Release ——————————— Returns in Year
Year F 2 77 78 79 80 81 82 83 84 85 86 87
Sum
76 .167 317 E: 50 55 72 19 17 19 10 7 S 3 2
O: 30 38 8 16 22 32 21 7 6 3 4 264
77 .068 .218
78 .104 .254
79 .202 .352 E: 24 21 24 13 9 6 4 3
H 26 26 20 10 9 10 2 4 107
80 .081 .231 E: 120 134 72 50 37 25 17
: 121 104 137 26 27 32 10 457
81 .102 .252 E: 51 27 19 14 9 6
O: 57 27 8 16 16 4 128
82 .168 .318 E: 17 12 9 6 4
: 23 7 6 10 3 49
83 .135 .285 E: 5 4 2 1
H 5 5 2 2 14
84 .138 .288
85 .152 .302
86 .153 .303 E: 54
(o} 54 54
87 .157 .307
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Table 18. Deviations in age composition for the final run. Types are: 1
fixed gear fishery, 2 - trawl fishery, 5 — northern pot survey. LIKE/FISH is
the likelihood for that type of data divided by the total mumber of fish aged.

—— MEAN AGE ——

YEAR TYPE SEX OBSERV EXPECT DEVIATE LIKE
83 5 1l 4.86 5.30 -.44 =9.46
83 5 2 4.94 5.32 -.38 -49.16
85 5 1 5.02 5.61 -.59 -31.41
85 5 2 4.60 5.66 -1.06 -45.49
86 1 1l 7.32 6.93 .39 -2.08
86 1 2 6.67 6.65 .03 -3.48
86 - 2 1 6.16 5.41 .76 =21.26
86 2 2 5.00 4.99 .01 =9.92
87 1l 1l 8.47 6.98 1.48 -45.61
87 1 2 7.99 6.66 1.34 -31.68
87 2 1 6.48 5.18 1.31 -81.74
87 2 2 5.13 4.66 .47 -26.01

TYPE SEX MEAN LIKE/
DEVIATE FISH

1l 1 .93 -.13

1l 2 .68 -.08

2 1 1.03 -.13

2 2 .24 -.04

5 1 -.52 -.06

5 2 -.72 -.13
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Table 19.

Deviations in size camposition in the final run. Types are:

1

fixed gear fishery, 2 - trawl fishery, 4 - trawl survey, 5 - northern pot
survey, 6 — southern pot survey.

GUNNPRFPROANBNNRERFOOMODOONLEDAOOEBENOOW

OV U S BN P

NHENEOMRPNPEPNRENRENMENENRPORNRP N RN RN DR N

NHNRNRNRN

— MEAN LENGTH -
OBSERV  EXPECT DEVIATE LIKE

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

53.52 1.83  -30.51
59.23 3.88  -44.44
52.81 1.43  -33.38
57.82 3.07  -34.89
40.58 .61 =23.91
43.84 -.95 -52.78
52.63 .55 -3.85
57.61 .33 -7.09
52.63 .16 -8.30
57.49 .96  -31.08
42.02 .29 -12.56
45.78 -1.55  =29.88
52.28 -.86  -14.15
56.77 -.36  -11.07
51.65 -.15 -2.53
55.68 .45 -12.14
52.78 -1.36  ~34.35
57.69 -3.40  -61.85
56.71 -.68  =19.91
61.76 ~1.69  -14.76
52.01 .36 -7.45
54.63 -1.42  -13.14
40.63 -.20 -10.11
43.97 2.35  -61.74
52.05 -.63  =12.00
56.47 .46 -11.38
56.75 -.71  -15.63
61.71 .22 -15.69
51.45 -.77 -6.43
53.55 -1.86  -21.25
52.77 -.79  -16.34
57.63 -1.05  -13.86
MEAN LIKE/
DEVIATE FISH
-.70 -.04
-.74 -.04
-.21 -.02
-1.65 -.04
.23 -.04
-.06 -.13
.14 ~.05
.49 -.08
-.39 ~.02
.45 -.03
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Table 20. Recruitment deviations for the final model. Q is the ratio of the
mean estimate to the mean expected. MN is the mean of the
log(estimate/expect). SD is the standard deviation of log(estimate/expect).

Virgin spawning bicmass = 102686.6 mt of females

Virgin recruitment = 9522.4 thousand per sex
Density-dependence = 0.889
Year- .
class Estimate Bxgpect Ratio
77 15277. 8929. .54
78 2075. 8874. ~1.45
79 16854. 8776. .65
80 12858. 8525. .41
81 7830. 8488. -.08
82 8011. 8436. -.05
83 6214. 8296. -.29
84 4770. 8221. -.54
85 12103. 8154. .39

Q= .892 MN = =0.047 SD = .663
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three fold decline from 83 to 87. With higher emphasis on the pot index the
model achieves somewhat better tracking (Figure 15), but the SD for the pot
index remains above 0.3 as campared to the average coefficient of variation,
0.16, for the 1983, 1985 and 1987 northern pot indexes. The northern and
southern pot index are surprisingly similar. They have similar size-specific
selectivity patterns (Figures 18-19), similar catchability coefficients, Q,
5388 vs. 4831, and the dowrward trend from 83-87 seems even more apparent when
the two surveys are plotted together (Figure 9). The cbserved fluctuations in
the pot index have shown good coherence along the coast, so changed distribu-
tion probably has not caused the fluctuations and the real cause remains an
enigmna. With the moderately strong 1985 year class entering the size range
available to the pot index, the model predicts a leveling off of the pot index
values. A southern pot survey is tentatively scheduled for autumn of 1988; the
model predicts that the index value will be 6.3 (approximate 95%CI based on
SD=0.37 is 3.0 - 13.2).

The pattern of tag returms was well matched by the model (Table 17). The
largest deviation ocaurred for tags released in 1980 and returned in 1983, the
returns were nearly twice the expected. Overall there were no cbvious patterns
to the deviations.

Patterns in the age and size composition data are more difficult to display
becuase of the great volume of data (Table 18-19).. The mcdel underestimates
mean age and overestimate mean size in the fishery samples, especially in 1987.
Mean age is overestimated for the northern pot survey samples and mean size is
underestimated in these samples, especially in the early years. There are no
age composition data for the trawl survey or the southern pot index and the fit
to the size composition data from these surveys seems unbiased. The log
likelihood for each type of age or size composition data deperds on the mumber
of cbservations and the mumber of fish per cbservation. When the log likeli-
hoods are divided by the total mumber of fish, we see that the size composi-
~ tions are fit more precisely than the age compositions and that male size
compositions tend to be fit more precisely than female size compositions.

Fit to the spawner-recruitment relationship is given nil weighting in the .
model, but patterns of deviations still contribute to our understanding of what
has happened to the sablefish stock (Table 20). As spawning biomass has
decreased, the model predicts that recruitments should have declined from 8929
thousand in 1977 to 8154 thousand in 1985. However, the model estimates that
recruitment was better than expected in 1977, 1979, 1980, and 1985. Average
recruitments occurred in 1981 and 1982. FPoor recnutment's occurred in 1978,
1983 and 1984.

The estimated sablefish population at the beginning of 1988 is presented in
Table 21. These values and the estimated selectivity functions are used below
toforecastthenearte.rmclmxgesmthestockarxistockequlllbnmnasa
function of different levels of fishing effort.
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Table 21. Estimated population at the beginning of 1988 in the final run.

MALES FEMALES
AGE NUMBERS BIOMASS Z NUMBERS  BICMASS Z
1 7908.9 3938.7 .181 7908.9 3938.7 .182
2 6683.0 4789.3 .206 6671.0 5215.3 .219
3 8083.9 7629.8 .237 7938.9 8757.6 +259
4 2463.0 2876.6 .264 2356.1 3404.9 .282
.5 2400.0 3314.3 .280 2248.3 4031.8 .288
6 2280.0 3597.3 .287 2119.3 4527.2 .286
7 1629.9 2862.0 .288 1524.5 3758.8 .281
8 1973.1 3777.5 .286 1866.6 5181.2 275
9 1946.3 3997.6 .283 1877.6 5751.7 +269
10 183.2 398.5 .280 181.5 603.8 .265
11 1037.9 2366.3 .277 1048.6 3738.1 .261
12 479.7 1136.7 .274 489.3 1849.2 .258
13 377.2 922.5 .271 390.9 1551.9 .255
14 299.4 751.8 .269 315.7 1307.2 .253
15 237.7 609.9 .267 253.4 1086.8 .251
16 190.0 496.2 .265 205.3 907.7 .249
17 153.1 406.0 .264 168.5 764.4 .248
18 125.3 336.2 .263 140.7 652.4 .247
19 103.9 281.8 .262 119.1 » 562.5 .246
20 614.3 1710.2 «259 747.4 3727.2 .243
TOTAL N 77741.
TOTAL BIOMASS 107518.
SPAWNING BIOMASS 33532.
AGE 3+ BIOMASS 89636.
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Yield Projections

Results from the synthesis model were used to estimate equilibrium yield and
stock size for a range of levels of fishing mortality. Following Getz (1980),
we calculated the equilibrium mumber-at-age vectors at each level of F by
defining the equilibrium spawning stock as a function of the muber of age-l
females, le

SPB=§[Na*PCIMATa*Wa2]

= [Nl*pcnm'l*wlz]

l.
+ N, * t|1=cnm *W
17 a2 *

o (yE)
1

J=

* *
+ Nl * PCIMA'I‘20 w20,2

19
efMFy) (1o (M0Fa0))
1

J=

= hl1 * SPSUM
By substituting N_*SPSUM for SPB in the stock-recruitment relationship and
solvmgforN t!]iemmberofrecrultswasexpr@sedasaﬁmctmnofF.

= VSPB * (VR * SPSUM/VSPB + DD - 1)/ (DD * SPSUM)

The numbers at age 1 for males is assumed to be the same as the numbers for
females. The number of fish ages 2-20 was calculated from the number at age 1.
Equilibrium yield was calculated from the catch equation described earlier
except that weight of age-A fish in the catch was obtained from the length-
weight relationship using the estimated mean length of age-A, sex~S fish

captured by gear type T.

We calculated equilibrium mumber-at-age vectors and associated yields for a
range of trawl and fixed gear F combinations. The resulting matrix of yield
values was used to produce response surface plots, with plot contours repre-
senting levels of equilibrium yield or the percentage of total yield due to
trawl gear (Figures 22-25). The shape ard elevation of the response surface
for total yield was similar for the seven cases examined, but substantially
different for the constant (DD=1.000) and Beverton-Holt (DD=0.889) stock-
recruitment cases. As in an earlier study (Francis 1985), highest yields were
obtained when fishing was limited to fixed gear vessels (Figures 22, 24).
Compared to a fixed gear only fishery, MSY for the Beverton-Holt case was 929
to 1,035 mt lower for the seven cases examined when a 52:48 trawl:fixed gear
allocation was maintained. Note that this change in yield may prov1de an upper
bound for the increase in yield that might be obtained by increasing trawl mesh
size.

We also calculated equilibrium yield at different total Fs by solving itera-
tively for the trawl and fixed gear Fs that would result in a 52:48 trawl:fixed
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gear allocation (Figures 26). Yield amd stock biomass curves for the seven
cases were similar in shape and in magnitude. Yield curves for the two stock-
recruitment cases differed considerably, with total yield about 3-4 thousand mt
higher under the optimistic constant recruitment assumption. Following Francis
(1986) , we assumed that F[MSY] and F{0.1l] were appropriate Fs for the Beverton-
Holt (DD=0.889) and constant recruitment cases (DD=1.000) respectively. For
each stock-recruitment case, recamended Fs and yields were similar for the
seven cases examined (Tables 22-23). For the density-dependent case, recom-
mended total Fs (F[MSY]) were relatively low (0.11-0.14; less than M in 6 of 7
cases). These conservative results apparently were cbtained because of the
early age at first recruitment, relative to age at first maturity. When
constant recruitment was assumed, recammended total Fs were substantially
higher (0.16-0.21 for females). In both cases, recammended Fs were lowest for
M=0.11 and highest for the M=0.15 and M=0.17 cases. For the Beverton-Holt
case, recamended equilibrium yields ranged fram 6,988 to 9,162 mt. For the
constant recruitment case, recommended yields ranged from 9,831 to 13,607 mt.
Biomass levels at the recammended Fs were similar for all cases exam.uwd

Using the current 52:48 trawl:fixed gear allocation, we solved iteratively for
the trawl ard fixed gear Fs required to cbtain constant catches of 8,000 to
12,000 mt fram 1988 through 1992 (Tables 24-25). These Fs can be used to
compare the predicted short-term impact of alternative ABC levels. For the
Beverton-Holt case, the required Fs change slowly over a 5—~year horizon except
in cases where the target harvest greatly exceeded MSY (e.g. 12,000 mt harvest
for run 3). For the constant recruitment case, required Fs varied only
slightly over the 5-year horizon.

We obtained estimates of ABC by assuming a 1988 harvest of 10,000 mt ard a
constant F in 1989-1990 equal to either F[MSY] (DD=0.889) or F[0.1] (DD=1.000).
For a specified total F, we solved iteratively for the trawl and fixed gear Fs
that would result in a 52:48 trawl:fixed gear allocation. For runs 1, 2, 6,

. and 7 the total bicmass in 1988 is 8,000 - 16,000 mt greater than the biomass
at MSY. For run 5 (natural mortality = .17) the current stock is essentially
right on the bicmass yielding MSY. For runs 3 and 4 (high pot emphasis or low
age composition emphasis) the current biomass is below that producing MSY.
Predicted 1989-1990 bicmass levels were similar for most cases examined; the
lowest estimates were for the cases where the relative importance of the pot
survey data was increased (Tables 26-27). For each stock-recruitment case,
differences in 1989-1990 yield were due mostly to differences in the starting
biomass level. Note that the bicmass in 1988 is inversely related to the
assumed level of natural mortality and that the F[MSY] is positively related to
the assumed level of natural mortality (Table 22). The cambination of these
two factors produces maximm ABC at an intermediate level of natural mortality,
0.15. There were substantial differences in 1989-1990 yield for the two stock-
recruitment cases, due to the differences in F[MSY] and F[0.1].

The stock could be fished down to the B[MSY] level more or less rapidly than
the rate indicated by applying F[MSY] to the current stock. Table 28 presents
various fishing down scenarios. Here we have set the 1988 total catch at
10,800 mt because of the recently released reserve. If the ABC in 1989 was set
equal to 15,400 mt then the B[MSY] level would be reached the following year.
However, this would be a risky policy and would result in substantial over-
fishing if our assessment has over-estimated sablefish aburdance.
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Figure 26. Upper panel: Equilibrium total (solid line), trawl (dotted line),
and fixed gear (dashed line) yields as a function of maximum age-specific F for
females (Fs for females and males were essentially equivalent). Lower panel:
Equilibrium total (solid line), exploitable (ages 3+, dotted line), and female
spawning (dashed line) bicmass as a function of maximm age-specific F for
females. A 52:48 trawl:fixed gear allocation was assumed.
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Figure 27. Upper panel: Equilibrium total (solid line), trawl (dotted line),
and fixed gear (dashed line) yields as a function of maximmm age-specific F for
females, assuming constant recruitment (A=1.000). Lower panel: Bquilibrium
total (solid line), exploitable (ages 3+, dotted line), and female spawning
(dashed line) bidmass as a function of maximm age-specific F for females,
assuming constant recruitment (A=1.000). A 52:48 trawl:fixed gear allocation
was assumed.
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Thle 2. Bstimetes of M5Y, FMBY], ad eqnililrium stock hiamss lewels for seven sets of
assesat paremeters, The total FVBY)] estimate fir each sex is the highest ap-gecific F, rather
then the sim of trad ad £ised gear F miltipliers, becaee the age at full recyuitment differs for

the two cears.
F miltiplier Total F
Rn Rl FIX T Famle Mile MY BMSY] S[MSY] BRMSY,3+]

1 (best, start=8000) 9,52 0.0 0.0 0.130 0.131 8,198 8,676 26,90 67,80
2 (best, start=11000) 10,250 0.068 0.078 0.130 0.131 8,50 87,967 28,853 71,99

3 X pot axvaard) 9,716 0.088 0.088 0.140 0.144 7,809 78,330 25,802 6,583
4 (0.1Xall xpcap) 8,947 0.071 0.081 0.130 0.134 7,45 74,897 24,423 61,112
5 (40.17) 1,86 0.077 0.082 0.40 0.141 9,12 87,404 26,143 €9,307
6 (40.13) 8,426 0.0 0.074 0.120 0.121 7,65 85,88 30,48 72,461
7 (M0.11) 7,267 0.81 0.070 0.110 0.112 6,98 86,475 34,072 74,918
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Tehle 23. Bstimates of Y[0.1], FI0.1], ad equililviim shock biamess levels fir seven sets of
assessmert: parameters,  'The total F[0.1] estirate far each s is the highest age-specific F, rather
then the am of trad ad fixed geer F miltipliers, became the age at full recxuitmant diffars fix
the two cears.

Fmltiplier TAlF

Rn R FX TW& Famle Mile Y[0.1] B[0.1] S[0.1] B{0.1,3+]
1 (best, start=8000) 9,52 0.107 0.109 0.190 0.191 12,170 85,088 23,890 66,871
2 (best, start=11000) 10,250 0.106 0.108 0.190 0.192 12,48 89,811 25,02 69,66
3 (Xptsavand 9,716 0110 0125 0210 0.7 11,706 78,067 21,356 59,170
4 (0.1Xall ap cxp) 8,947 0.112 0.112 0.19 0.19% 10,86 76,656 21,22 59,171
5 (M0.17) 11,861 0.123 0.116 0.210 0.212 13,607 89,970 2,32 65,88
6 (40.13) 8,426 0.055 0.106 0.180 0.182 11,19 83,211 25,82 67,378
7 (#0.11) 7,267 0.0 0.097 0.160 0.6 9,831 8&,30¢ 28,744 6,073
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Table 24. Total F for female sablefish required to obtain yields of 8,000 to
12,000 mt in 1988-1992, assuming a Beverton-Holt stock recruitment

relationship (A=0.889).

Yield Year
Run (mt) 1988 1989 1990 1991 1992
1 (best, start=8000) 8,000 0.112 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

2 (best, start=11000) 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

3 (10X pot surv aburd) 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

4 (0.1X all age camp) 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

5 (M=0.17) 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

6 (M=0.13) 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

7 (M=0.11) 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

12,000 0.160 0.165 0.173 0.185 0.199
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Table 25. Total F for female sablefish required to cbtain yields of 8,000 to
12,000 mt in 1988-1992, assuming constant recruitment (A=1.000).

Yield Year
Rm (mt) 1988 1989 1990 1991 1992
1 (best, start=8000) 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

2 (best, start=11000) 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

3 (10X pot surv abund) 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

4 (0.1X all age comp) 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

5 (M=0.17) 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

6 (M=0.13) 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
11,000 0.151 0.153 0.156 0.158 0.16
12,000 0.166 0.170 0.176 0.180 0.184

7 (M=0.11) 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 biomass assuming a 1988 harvest of 10,000
mt and 1990-1991 Fs equal to F[MSY]. A Beverton-Holt stock-recruitment
relationship was assumed (A=0.889).

Run B(88)  Y[89] B[(89]  Y[90]  B[90]
1 (best, start=8000) 94,694 9,137 93,324 9,127 92,386
2 (pest, start=11000) 95,317 9,021 94,230 9,057 93,635
3 (10X pot surv abund) 62,470 5,688 61,811 6,090 63,351
4 (0.1X all age comp) 78,822 7,825 77,971 7,900 77,840
5 (M=0.17) 87,056 8,720 86,502 8,864 86,695
6 (M=0.13) 99,468 8,800 98,065 8,779 97,094
7 (M=0.11) 102,312 8,352 100,944 8,316 100,056
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Table 27. Projected yield and total biomass assuming a 1988 harvest of 10,000
mt and 1990-1991 Fs equal to F[0.1]. Constant recruitment was assumed
(A=1.000) .

Run B[88]  Y[89] B[89)  Y¥[90]  B[90]
1 (best, start=8000) 94,604 13,061 92,912 12,602 90,430
2 (best, start=11000) 95,317 12,897 93,985 12,519 92,018
3 (10X pot surv abund) 62,471 8,353 62,670 8,749 64,581
4 (0.1X all age camp) 78,822 11,187 78,107 10,930 77,144
5 (M=0.17) 87,056 12,756 86,580 12,513 85,850
6 (4=0.13) 99,467 12,904 97,330 12,407 94,244
7 (M=0.11) 102,311 11,916 100,281 11,502 97,406
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Table 28. Alternative scenarios for fishing the west coast sablefish stock
down to the B[MSY] level. The harvest in 1988 is assumed to be 10,800 mt.

0.13 0.14 0.15 0.17 0.19 0.23

Year
1989 9000 9700 10400 11600 12900 15400
1990 9000 9600 10200 11300 12300 8200
1991 9000 9500 10000 10900 8200

1992 8900 9400 9800 8200

1993 8900 9300 9600

1994 8800 9200 9500

1995 8700 9000 8200

1996 8700 9000

1997 8600 8900

1998 8600 8200

1999 8500

2000 8500

2001 8500

2002 8400

2003 8400

2004 8400

2005 8400
2006 8300
2007 8300

2008 8200
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Conclusion

The most likely scenario for sablefish is described by run #1 which strikes a
campramise between the decline in the pot index and the relatively high
frequency of old fish in the 1987 fishery samples. The mean total biomass
during 1988 was 94,700 mt and the age 3+ biamass was 78,600 mt. The biamass
levels at the begmru.ng of the year were 107,500 and 89,600 mt, respectively.
'metotall-"mposedbyalo 000nrtf15heryw1l1be014. Wepro:jected future
abundance levels using both constant recruitment and Beverton-Holt stock-
recruitment functions. Although we do not yet have evidence of declining
recruitment at lower spawner biomass levels, we note that the spawning biocmass
at MSY is only about 25% of the virgin spawning biamass. This large reduction
in spawning bicmass probably occurs because the fish are available to the trawl
fishery several years before they mature. A prudent course of action is to
utilize the Beverton-Holt recruitment function to estimate potential yield from
the stock. If a 52:48 trawl:fixed gear allocation is maintained, then the MSY
for this stock is 8,200 mt at a mean age 3+ bicmass of 67,800 mt. An ABC of
9,100 mt is indicated by applying the F[MSY] to the current stock structure.

At this level of fishing mortality, and if there are no great deviations in
recruitment, the stock would be near the biamass yielding MSY in about 20 years
and the ABC would be reduced to 8,200 mt. Our current assessment does not
account for trawl discards occurring after the end of the season or additional
discarding caused by restrictive trip limits. Subseguent analyses will account
for these factors, but we note here that total fishery-induced mortality will
be greater than the 9,100 mt ABC, so the stock is being fished down to the
B{MSY] level more rapidly than predicted above.
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Age camposition data.
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Size composition data where size is measured in cm fork
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