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SOUTHERN LINGCOD STOCK ASSESSMENT IN 1999

Executive Summary

Southern lingcod (Ophiodon elongatus) life-history, landings, length-frequency, age-frequency,
and survey data were summarized for the Eureka, Monterey, and Conception INPFC areas.
Genetic evidence indicates that lingcod along the coast of Washington, Oregon, and California
are one stock. Lingcod catch in the southern area has been declining steadily from around 1,400
mt in 1970's to 600 mt in the 1990's. Catch is dominated by the Monterey INPFC area and has
shifted from primarily trawl to an even mixture of trawl, non-trawl (mostly hook-and-line and
some set-net), and recreational catch.

California instituted the earliest management regulations reducing recreational bag limits from 10
to 5 fish in 1980 and establishing a 22 inch size limit in 1981. In 1983, the Groundfish plan set a
2,000 mt Acceptable Biological Catch (ABC) for this area (Eureka 500 mt, Monterey 1,100 mt,
and Conception 400 mt). In 1995, these ABCs were reduced to 1,100 mt (Eureka 300 mt,
Monterey 700 mt, and Conception 100 mt) and a 22 inch commercial and recreational size limit
was imposed. Trip limits were also imposed but allowed a 100 Ib allowance of fish under the 22
inch size limit. In 1998, these ABCs were reduced to 510 mt (Eureka 139 mt, Monterey 325 mt,
and Conception 46 mt). The size limit was raised to 24 inch, but the 100 Ib allowance remained.

The most recent lingcod assessment off Washington and Oregon (Jagielo et al. 1997) indicated a
significant population decline over the period from 1978 to 1996 to approximately 19% of the
starting biomass. This assessment placed lingcod into a rebuilding mode. There was
considerable concern about placing southern lingcod under a rebuilding plan due to an
assessment conducted off Washington and Oregon. Because of this concern, a southern lingcod
assessment was conducted even though there are only length and age data from 1992 to 1997.
This short length and age data series are the principal areas of uncertainty associated with the
assessment. Previous reviews of southern lingcod in 1986 and 1994 expressed concern about
lingcod population condition.

The assessment uses a new conceptual model that was developed at the Tiburon Laboratory. The
model is essentially a forward projecting, separable, length-based, age-structured population
model. The modeling concepts were applied using the AD (Automatic Differentiation) Model
Builder Software (Fournier 1996). There are three distinct fisheries in the model: 1) trawl, 2)
non-trawl, and 3) recreational. Landings are available for the time period 1973 to 1998. Length
and age composition data are available from 1992 to 1997. Auxiliary information include three
surveys: 1) AFSC triennial trawl survey (1977-1998, every third year), 2) California trawl
logbook CPUE (1978-1996), and 3) MRFSS recreational CPUE (1980-1989, 1992-1998).

The southern lingcod base model results indicated a heavily exploited stock. The current
spawning potential estimate is 7.5% of the mean unfished level. There is a 94% probability that
the current spawning potential is 25% or less of the unfished level (overfishing threshold). The
current level of spawning potential has been reduced to 24.2% of levels corresponding to the
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Time series for estimates of exploitation rates indicate high levels of exploitation with values
exceeding the F;,, guideline throughout the entire time series. A sensitivity analysis to changes
in natural mortality (M) over a range of values from 0.35 to 0.1 has better model fit (lower
likelihood) at lower natural mortalities.

Spawning potential estimates are fairly robust to changes in natural mortality. It is appears that
southern lingcod stock is highly productive with good potential for rapid population increases
given appropriate decreases in fishing effort. However, it is important to note that the most
aggressive harvest policy presented here is F;5, compared to an estimated historical Fyq, harvest
policy that fishery has been operating at.

Research recommendations were made by the STAT team and the STAR panel. Comparative
lingcod age reading studies should continue to be pursued. Southern lingcod monitoring should
be improved with particular emphases on the non-trawl fishery which had no samples for this
assessment. A lingcod discard mortality study needs to be implemented to evaluate the size limit
regulations. A source of fishery-independent data for southern lingcod needs to be developed.



1.0 Intrqduction

The previous assessment of lingcod (Ophiodon elongatus) for the US-Vancouver and
Columbia International North Pacific Fishery Commission (INPFC) areas (Jagielo et al. 1997)
found a substantial decline in population size to approximately 19% of starting biomass (Figure
1) in those areas. At that time, it was decided not to conduct an assessment on Eureka,
Monterey, and Conception INPFC areas due to the short time series of length and age data (at
that time 1992-1996), although landing and age composition data were summarized. The
situation is further complicated by the introduction of a commerical size limit in 1995. While the
data situation has not changed, it was decided to do a southern assessment given the likelihood of
restrictive regulatory actions and the fact that there will not a significant increase in the amount
of data in the near future.

The assessment area covers the Eureka, Monterey, and Conception INPFC areas, from
Cape Blanco (42° 50' N) south to the US-Mexico border (Figure 2). Genetic evidence suggests
that there is only one large lingcod stock off the coast of Washington, Oregon, and California
(Jagielo et al. 1996), although California is only represented by a single sample off San
Francisco. Landings data were gathered for the trawl fishery (1973-1998), the non-trawl (1973-
1998); the hook and line and set net; fishery (1973-1998), and the recreational fishery (1973-
1998). Catch-at-size and age time series were compiled for trawl fishery (1992-1997) and the
recreational fishery (1992-1997). Auxiliary data sets include the NMFS triennial survey (1977-
1998, every third year), a California trawl CPUE index (1978-1996), and the MRFSS recreational
CPUE index (1980-1989, 1993-1998).

2.0 Management History

California recreation lingcod bag limits were reduced from 10 fish to 5 fish in 1980. A
recreational size limit of 22 inch size limit was implemented in 1981. In 1983 with the
implementation of the Groundfish Plan, Acceptable Biological Catches (ABC) for the Eureka,
Monterey, and Conception INPFC areas were set at 500, 1100, and 400 mt for combined total of
2,000 mt, over 600 mt higher than the maximum commercial landings. Vancouver and
Columbia INPFC area ABCs were 1,000 and 4,000 mt for a combined total of 7,000 mt, twice
the highest historical annual landings. In 1995, the coast-wide ABC were reduced to 2,400 mt
with ABCs for the Eureka, Monterey and Conception INPFC areas of 300, 700, and 100 mt. The
recreational catch is assumed to be 700 mt coast-wide. A 22 inch commercial and recreational
size limit was imposed coast-wide and in Oregon and Washington a 3 fish bag recreational limit
was put into effect. A monthly commercial trip limit of 20,000 1b per month and a trawl trip
limit of 100 Ib of lingcod under 22 inch were established. In 1996, the commercial trip limit was
changed to a 40,000 Ib per two months and in July 1997, that was reduced to 30,000 Ib per two
months. In 1998, the Eureka, Monterey, and Conception INPFC area ABCs were reduced to 139,
325, and 46 mt of a coast-wide total of 1,021 mt. The two month trip limit was reduced to 1,000
mt and the commercial and recreational size limit was increased to 24 inch. The trawl 100 Ib trip



limit under 24 inch remained. California recreational bag limits were reduced from 5 fish to 3
and were further reduced to 2 fish in 1999.

3.0 Life History Characteristics

Lingcod range from Kodiak Island, Gulf of Alaska to Baja California with the center of
their distribution in British Columbia and Washington. Lingcod are most abundant in waters less
than 100 fm, but are found out to depths exceeding 200 fm. They have patchy distributions and
are most abundant on areas of hard substrate with high rocky relief. Lingcod are high level
predators, feeding primarily on fish. For a more complete description of lingcod life history, see
Cass et al. (1990), or Adams and Hardwick (1992).

Lingcod have a unique nesting reproductive cycle. In late fall, male lingcod aggregate
and become territorial, in areas suitable for spawning. Nesting occurs in areas with rocky
crevices which allows significant current and flow. The current provides maximum oxygen
levels to the egg nest and improves egg survival. Spawning has been reported from mean low
water line to 126 m. Mature females are rarely seen on the spawning grounds, so it is assumed
that their migration there is very brief. Females deposit eggs in successive layers followed by
male fertilization. After spawning, the male remains at the egg mass until incubation. Egg mass
incubation averages 7 weeks, and ranges from 5 to 11 weeks. Hatching has been observed as
early as January and as late as June. Hatching in California from one large sample ranged from
early March to early April (Adams et al. 1993). Hatching is synchronized, mostly occurring in
24 hours, but can range up to 7 days. Larval and juvenile lingcod are pelagic until mid-May to
mid-June, when they make an inshore benthic migration to adult habitats (Adams et al. 1993).

Lingcod are considered to be sedentary. Large scale Canadian tagging studies have found
that 95% of the fish recovered are recovered near their point of release. However, some long
migrations have been documented. One lingcod tagged at Cordell Bank off San Francisco, CA
was recaptured off Coos Bay, Oregon (Adams, unpub. data). Lingcod must make a seasonal
migration in the winter to spawn in shallow water.

3.1 Growth

Growth is modeled by the von Bertalanffy growth equation. The von Bertalanffy growth
parameters are fit following Xiao (1994) since the Monte Carlo use of a bivariate normal
distribution of L, and K parameters are an integral part of the population modeling. The von
Bertalanffy model was fit to all lingcod length and age taken in both the commercial and
recreational sampling from 1992 to 1997. Performance of this growth model (Estimate Length)
estimated here is general similar to others (Jagielo et al. 1997, reviewed in Adams 1986), but the
Jagielo et al. (1997) growth model estimates smaller fish at young ages, which would be
expected since it uses the model that explicitly sets length at age 1. These model results here are
remarkably similar to those estimated from previous work in California (Miller and Geibel 1973)



even though that work was done thirty years previous and used surface otolith aging. At the
suggestion of the STAR panel, a second growth model (Corrected Estimate) was developed using
size-at-age for the first year from Jagielo et al. (1997). This model estimates substantially
smaller fish up to age 6. This model was then used in the modeling. The Corrected Estimate
parameter estimates are listed in Table 1 and the fit of both the original Estimated Length and
Corrected Estimate models and data points are shown in Figure 3.

3.2 Weight-Length Relationships

Weight-length relationships (Table 1) were taken from Jagielo et al. (1997). Previously
published weight-length relationships are reviewed in Adams (1986) and the performance of all
are similar.

3.3  Length-at-Maturity Relationships

Length-at-maturity relationships were estimated for female and male lingcod (Table 1)
from California commercial sample data from the period 1993-1995. Samples were collected
during all times of the year and showed strong seasonal pattern of maturity with both males and
females maturing from November through February (Silberberg et al., in review). Examination
of north to south trends in 50% length-at-maturity and age-at-maturity show declining trend in
length-at-maturity while there is no trend in age-at-maturity.

34  Fecundity

Fecundity, the relationship between number of eggs and length, is taken from Hart (1967)
(Table 1). Hart reported the fecundity relationship for number of eggs versus total length and
this relationship was recalculated for fork length using total length to fork length conversions
(Laidig et al. 1997).

35 Natural Mortality

Natural mortality for lingcod has been estimated over a range 0.20 to 0.80 using both
tagging and age composition methods (Table 2). Natural mortality estimates from tagging covers
the 0.20 to 0.80 range, but are estimates of net loss which would include other factors such as
emigration, tag loss, and non-reporting. Jagielo (1995) estimated emigration rates in one study at
0.23. The only age composition natural mortality estimate for lingcod was 0.28 (Richards 1991).
Lingcod natural mortality studies are summarized in detail by Adams (1986) and Jagielo (1994)

Lingcod natural mortality estimates were computed for three empirical methods
(Alverson and Carney 1975, Pauley 1980, and Hoeing 1983) by Jagielo (1994). The average of
the three methods for both sexes was 0.25 (Table 1).



4.0  Fishery Landings History
4.1 Commercial Landings

Commercial landings by gear type from 1973 to 1988 were compiled for the Eureka INPFC area
(Table 3), the Monterey INPFC area (Table 4), and the Conception INPFC area (Table 5). The
data series from 1973 to 1980 were taken from the Historical Annotated Landings and is
summarized in Adams (1986). The data series from 1981 to 1998 was taken from the Pacific
Fisheries Information Network (PacFIN).

Total commercial landings are erratic, but show a general declining trend (Figure 4). Total
landings are high averaging 1,400 mt from a period from 1973 to 1982, then decline sharply to a
low of 589 mt in 1986. This is followed by a increase to the previously high level in 1989 and a
decline to a level of around 650 mt from 1992 on. The sharp drop in the final year is regulatory
driven. Monterey and Eureka INPFC areas follow a similar pattern, but Conception INPFC area
declines in 1982 and stays low thereafter. Monterey INPFC area accounts for about 60% of the
landings, Eureka about 30%, and Conception about 10%. Over the three INPFC areas, trawls
accounted for approximately 85% of the landings from 1973 to 1982 and then associated with the
drop in landings around 1986, deceased to approximately 50% of the landings. The individual
INPFC areas follow the same pattern except that Eureka area recovers to over 70% trawl
landings and Conception area recovers to around 20% trawl landings. Hook and line landings
are the dominate non-trawl component in all areas. Monterey and Conception INPFC areas also
have substantial set net landings.

4.2  Recreational Landings

The Marine Recreational Fishery Statistics Survey (MRFSS) estimates recreational landings from
the period of 1980 through 1989 and from 1993 to 1998 (Table 6). Recreational landings from
1973 to 1979 are summarized by Adams (1986). Silberberg and Adams (1993) compared
MRFSS and Washington Department of Fish and Wildlife (WDFW) total recreational landings
and MRFSS and California Department of Fish and Game (CDF&G) partyboat landings and
found good consistency after the 1980-1981 period, although MRFSS estimates were consistently
higher. For the period 1990 to 1992 when there were no MRFSS data, estimates were made by
multiplying the annual trend in the CDF&G Commercial Fishing Passenger Vessel (CPFV)
logbook times the average MRFSS estimate over the period 1980 to 1989 and 1993 to 1998.
MREFSS recreational landings ranged from 1658 mt to 260 mt in a generally downward trend
after the high 1980-1981 period (Figure 5). Recreational landings average 36% of total
removals, ranging from 16% to 61% with no apparent annual trend. Northern California
accounts for approximately 83% of the landings and Southern California 17% and those
percentages are consistent over the time series.



5.0 Length and Age Composition Data

Length and age composition data is available for two (Trawl and Recreational) of the three
fisheries (Trawl, Non-Trawl, and Recreational). The time series for both data sets are 1992 to
1997.

5.1  Trawl Fishery Length and Age Composition Data

The proportions of fish by sex, length, and year were estimated for the period 1992 to 1997 from
trawl fishery samples. Length samples and fin-rays were collected by CDF&G port samplers.
The fin-rays were aged at NMFS Tiburon Laboratory. The individual length and age frequency
were expanded by landing weight of the sampled trips. Both female and male length
composition (Table 7 and Figure 6) show a shift to large sizes over the 1992 to 1997 time period.
Some of this is regulatory driven by the 1995 size limit, but it begins before 1995. The female
and male age composition (Table 8) show a similar trend. Examination of the average-size-at-
age show no apparent trend over the 1992-1997 period (Figure 7).

5.2 Recreational Fishery Length and Age Composition Data

Recreational length and fin-ray samples were obtained from CDF&G Central California Marine
Sport Fish Project from the CPFV fishery and were expanded over other fishing modes
(primarily skiff fishing). Sampling was conducted from Crescent City to Avila Beach and over a
time period of 1992 to 1997. Female and male length composition (Table 9 and Figure 8) and
age composition (Table 10) trends are complicated by the 22 inch (559 mm) size limit that was in
place during this time period. As in the commercial data, there is no apparent trend in the
average-size-at-age over the 1992-1997 period (Figure 9).

6.0  Surveys

Three surveys are used as auxiliary data sets; these include the NMFS triennial survey, California
trawl CPUE index, and the MRFSS recreational CPUE index.

6.1 NMEFS Triennial Survey

The Alaska Fisheries Science Center (AFSC) has conducted the triennial groundfish surveys off
the coast of Washington, Oregon, and California every third year since 1977 (see Wilkins 1996).
Estimates of swept-area biomass of lingcod by year and INPFC area along with their standard
errors (Table 11) were obtained (Mark Wilkins, pers. communication, March 1999). The data
were summed over the Eureka, Monterey, and Conception INPFC areas for the assessment. The
total estimate are dominated by the Monterey estimate which is often 75% of the total and is

highly erratic. Length frequency data were not used in the model because they were so few in the
southern area.



6.2 California trawl CPUE index

Trawl logbook CPUE indices from California logbook data were calculated following Ralston
(1999). The trawl logbook CPUE index is derived over the period from 1978 to 1996 by —
applying a General Linear Model (GLM) to censored logbook data with individual terms for year,

month, boat, and CDF&G block number. State-wide least mean squares and coefficients of

variation are estimated and back-transformed to 1b/hr and standard errors (Table 12). The data
series shows a decline after an initial high value around 1981, recovering to approximately half
that level in the late 1980's and then reducing again. Calculated SE were extremely low and were
replaced in the model by estimates based on a CV at 10% of the least mean square.

6.3 MREFSS recreational CPUE index

The MRFSS also provides a recreational CPUE index in numbers of lingcod caught per 1,000
angler trips (Table 13). This index includes both the partyboat and skiff fishery The CDF&G
Commercial Passenger Fishing Vessel (CPFV) CPUE index in numbers of lingcod per angler day
is also shown in Table 13 (Tom Barnes, CDF&G, pers. comm.). The MRFSS recreational CPUE
index shows an erratic pattern with no apparent trend beside a decline after the extremely high
1980-81 years. The CDF&G index seems to track the MRFSS index except for the high 1980-
1981 and ending in 1996 (Figure 10).

7.0  Assessment Modeling
7.1 Assessment History

The first U. S. lingcod assessment was by Adams (1986) who reviewed available data, conducted -
yield per recruit analysis, and identified data needs. Lingcod’s vulnerability to harvesting due to
the increased accessibility from their reproductive activity and to the potential rapid decline due
to lingcod’s large individual biomass (small number can result in large decline in biomass) were
identified. Jagielo (1994) conducted an assessment of lingcod from 49° 00' N (Southern
Vancouver Island) south to 45° 46' N (Cape Falcon). He concluded that biomass dropped from
19,000 mt to 13,500 mt and was relatively stable. Adams (1994) reviewed two years of lingcod
sampling from Oregon and California and although it is difficult to draw conclusions from only
two years sampling, expressed concern at the small size and young age of the fish. Jagielo et al.
(1997) conducted an assessment from 49° 00' N (Southern Vancouver Island) southto 42° 50'N
(Cape Blanco). They concluded that biomass dropped from 34,601 mt to 6,714 mt and that
lingcod were a heavily exploited stock. '

N

7.2  Model Description

A new conceptual model was developed for the assessment of southern canary rockfish



(Williams et al. 1999) and this description is taken from that document. The model is essentially
a forward projecting, separable, length-based, age-structured population model. That assessment
report represents the first documentation of this model. The modeling concepts were applied
using the AD (Automatic Differentiation) Model Builder 3.10 software obtained from Otter
Research, Ltd. (Fournier 1996).

7.2.1 Introduction

Modern fishery stock assessment models can be classified into two major types of population
models, length-based models and age-based models. The decision to use one of these types of
models is usually determined by the quality or quantity of the collected population data. Age-
based models are a preferred choice due to simplifications of annual calculations. However, age
information can be difficult to obtain and inaccurate.

In some instance such as lingcod, management is explicitly length based through the use of size
limits. Also length information is easy to obtain and more accurate compared to age information
for most fisheries. In addition, population and fishery parameters such as maturity, mortality,
and gear selectivity are frequently related to length better than age information (Quinn and Deriso
1998). For these reasons it is attractive and occasionally more informative to incorporate length
information into population models (Ralston and Ianelli 1999). Most research in the past has
focused on adding growth via some type of stochastic growth function or age to length
transformation (Sullivan 1992; Methot 1990; Quinn and Deriso 1998).

Deriso and Parma (1988) and Parma and Deriso (1990) discussed the properties of stochastic
growth functions and indicated that most length-based models inherently assume variation in
growth is due to environmental forces, as opposed to inherent variation. Variation in growth due
to environmental forces or genetic forces is analogous to measurement and process error
properties in statistics, respectively. Genetic variation in growth is variation in the growth
between individuals based on inherent differences in their growth trajectories, i.e. smaller fish at
age will tend to remain smaller fish at age throughout their life. For this model, growth was cast
as a genetically variable process.

The reason for choosing to model variability in growth as a genetic process is an attempt to
capture the effect of size-specific removals, in particular the largest individuals, on the
population. The degree to which this effect is important in population dynamics is dependent on
the level of fishing mortality, amount of variability in growth, and the steepness of the size
selection curve (Deriso and Parma 1988; Parma and Deriso 1990). In addition, the population
dynamics of a particular fish species undergoing size-specific removals may be affected by the
presence of sexual dimorphisms, such as those commonly seen in groundfish such as lingcod and
rockfish (Sebastes spp.).

Models which use a stochastic growth function fail to capture the full effect of removing the
largest individuals from a population. Methot (1990) indicated that size-specific removal is an



important process, but was not included in the stock synthesis modeling software. Deriso and
Parma (1988) and Parma and Deriso (1990) captured both environmental and genetic variation in
growth resulting in a highly complex model.

We have developed an extension of age-structured population modeling which allows for both
age and length information by accounting for growth via a simple fixed growth transition array.
The growth transition array is estimated from a fishery samples of age-length observations.

7.2.2 Model Formulation

In order to incorporate both age and length information into a population model some form of
their relationship must be specified. For this population model growth in length for each age will
be modeled by a simple set of von Bertalanffy growth models by sex. A single growth model is
givenby L:= L[1- exp(— K{z — to})] with length at time or age t given by L, and the
parameters L_, K, and t,. The set of growth models, representing the variation in growth, consists
of a set of different L_ and K parameters having a joint bivariate normal distribution (Xiao
1994). The fit of this model to lingcod age-length information is shown in Figure 3 and
parameter estimates are indicated in Table 1. This set of growth models is determined by a

maximum likelihood fit to a set of single observations of age and length from the population
(Xiao 1994).

The growth information obtained from the bivariate normal distribution of parameters L, and K
may be used in a population model via a transition matrix. Transition matrices have been used
extensively in the past for both age, the Leslie matrix, and size, the Lefkovitch matrix,
information (Law and Edley 1990). The combined transition matrix for age and size is named
the Goodman matrix (Goodman 1969). Since growth in length for fish is dependent on age, the
Goodman matrix is appropriate.

Many fisheries models seem to operate best on annual scales. In order to keep model
formulations operating on an annual basis we need to have the probability distribution of lengths
for individuals at age t+1 given L and t. Since most fisheries models are discretized into age and
length bins, the probability for a given length bin, defined by a lower bound L, and an upper
bound Ly, s given by a modified bivariate probability density function (see Williams et al. 1999,
Appendix I). However, this formulation is difficult to compute and therefore a fixed Goodman
transition matrix was estimated using a Monte Carlo simulation.

The Monte Carlo procedure involved a random draw of L_ and K from a bivariate normal
distribution. A length was computed for each age bin of the model using the von Bertalanffy
paired random deviates. The change in length bins with age was recorded and the whole process
repeated 1 million times. The result was a transition array consisting of 3 dimensions: length,
age, and probability of length at age+1. This growth transition array was then incorporated into
an age-structured model in which age and length are tracked through time.
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The governing equations for the model are essentially the same as other forward projecting age-
structured models. Appendix I contains the model parameters and equations used in this
assessment. The model used for this assessment does not use a Baranov-type catch equation.
Due to the constraints of modeling growth via a transition matrix, fishery removals were simply
subtracted at a fraction of the year. The fraction of the year at which the removals occur was
calculated by analyzing the quarterly catch statistics compared to the catches following a Baranov
equation for removals. This type of estimation is dependent on a fixed natural mortality rate, but
our analysis indicated it was fairly robust to major changes in natural mortality.

Because fishery removals are being removed all at once at some point in time, fishing mortality
must be modeled by an exploitation fraction. We used an annually varying fraction, ranging
from O to 1 via a logistic model, to apply to the exploitable biomass. The exploitable biomass is
that biomass which is susceptible to the fishing gear as determined by the selectivity function.

The annual fishing fraction, 77, , is then divided amongst the competing fisheries and
subsequently different sexes for the trawl fishery. Fishery selectivity was modeled using a
logistic function for the trawl, non-trawl, and recreational fisheries. Selectivity curves for the
traw] and recreational fishery were estimated within the model. The non-trawl fishery selectivity
was fixed outside the model using the limited number of samples available. This was done
because there were no sample length and age composition data from that fishery. The mortality
due to discard is unknown. It was assumed that discards caused no additional mortality
following previous assessment (Jagielo et al. 1997) and because the appearance of age 1 fish in
the sampling.

7.3  Base Model Results (M=0.25)

The time series for lingcod recruitment (age 1) estimates from the base model indicate a steady
decline from 1985 until 1997 (Figure 11,Table 14). The most recent recruitment estimate
indicates an increase, but this value is poorly estimated as indicated by the 95% confidence
interval. The time series for stock biomass (age 3+) and spawning potential indicate a marked
decline in the early 1980’s with continued decline until 1998 (Figure 12, Table 14). The current
level of spawning potential has been reduced to 24.2% of levels corresponding to the 1973-78
time period.

Since management reference points are based on spawning levels relative to an unfished state, an
estimate of the unfished spawning potential is required. For this assessment, the unfished
spawning potential was estimated by using a lognormal distribution fit to the recruitment time
series. The cumulative lognormal distribution of recruitment was multiplied by the spawning
potential-per-recruit (SPR) to get a cumulative distribution of unfished spawning potential
(Figure 13). This method assumes no stock-recruit relationship exists and that observed annual
recruitments are representative of the average recruitment. The cumulative lognormal
distribution of unfished spawning potential estimates are then converted to percentages relative
to the 1998 spawning potential estimate (Figure 13). Based on the mean of the lognormal
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distribution, the current spawning potential estimate is 7.5% of the mean unfished level (Table
15). Furthermore, there is a 94% probability that the current spawning potential is 25% or less
(overfished) of the unfished level (Table 15).

Time series for estimates of exploitation rates indicate high levels of exploitation, with values
exceeding the F;;, guideline throughout the modeling time period (Figure 14). The exploitation
rates have averaged around 27% of age 3+ biomass for the 1980-97 time period (Figure 14).
Most of the fishing effort appears to be divided between the trawl and recreational fisheries
(Figure 14). Generally the trawl fishery dominated from 1973-1984, followed by a sharp
decrease in 1985 coinciding with a marked increase in recreational effort in the fishery. The non-
traw] fishery has shown a fairly steady increase throughout the time period (Figure 14). The time
series of model fits to the fishery landings indicate excellent fits to these data (Figure 15). The
lack of fit in the earliest years is a direct result of having a constant recruitment estimation for the
1973-77 time period (Figure 15).

Model fits to the survey and indices indicate the model is tracking general trends in these data
sources. The triennial trawl survey yielded highly variable estimates of biomass, resulting in the
fit shown in Figure 16. The trawl logbook CPUE and MRFSS index fits appear to be adequate
and capture the overall trends in these time series (Figure 17). The survey and indices all agree
that there has been a decrease in abundance and biomass in the most recent time period (Figures
16 and 17).

Original model estimates based on a growth model fit to the fisheries data alone suggested the
age and length composition data were poorly estimated. In order to explore the possible causes
of the poor model fit for the recreational composition data, the growth parameters were compared
to other estimates for lingcod. A change in the estimate of ¢, of the von Bertalanffy growth
model seemed like a possible solution to improve the model fit of the recreational composition
data. Based on recommendations of the Stock Assessment Review (STAR) panel, a new growth
model was fit using an estimate for age 1 fish from previous analyses (Jagielo et al., 1997)
(Figure 3). These changes to the growth model appear to have improved some of the fit of the
model to the age and length composition information, but still indicate further changes may be
warranted. However, given the limited information on growth for lingcod, there was no
justification for changing the growth function further.

Model fits to the trawl and recreational length and age composition data were analyzed through
inspection of the residuals (observed minus estimated values). The trawl age composition data
indicated adequate fits by the model for some of the data sources, while others indicate some
biases in the fit (Figures 18-21). The female trawl age composition data appears to have the best
fit of all the composition data, with the exception of the 1995 data year which clearly does not
follow the pattern of the other composition data (Figure 18). The male trawl age composition fit
is more variable than the female data fit (Figure 18). Both the female and male trawl length
composition model estimates appear adequate, with the slightest hint of a bias toward
overestimation of the 600-800 mm sizes (Figures 19).
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The recreational composition model estimates do not appear to capture the observed values
effectively (Figures 20 and 21). The general pattern of the residuals indicates the model is
underestimating smaller sizes and overestimating larger sizes for the recreational length
composition data, while overestimation is occurring for younger ages and underestimation is
occurring for older ages in the recreational age composition data (Figures 20 and 21). This
indicates the recreational length and age data are in slight disagreement with the existing age-
length relationship in the model.

The slight difference in the age-length relationship in the recreational fishery composition data is
not easily reconcilable through analysis of the age-length data. An analysis of the mean length at
age does not indicate any difference between the trawl and recreational fisheries data (Figure 22).
Based on the notion that either the age or length recreational fishery composition data is
incorrect, the model was run with each of the age or length recreational data removed. Results
did not show any significant improvement of the fits to either the age or length composition data
sets, strengthening the concept of an incorrect growth model specification for the recreational
fishery. The conundrum is that the observed fishery data does not support any difference in
growth models between the fisheries.

Another possible solution to the troublesome recreational composition data was to explore
differing selectivity functions. The base model selectivity functions are very similar for all three
fisheries (Figure 23). We explored the use of dome-shaped selectivity functions for the
recreational fishery, but the model avoided a large descending portion at larger sizes. In an
extreme case we allowed the model to estimate the selectivity at every length size for both sexes
in both the recreational and trawl fisheries. The results indicated that generally an asymptotic
selection function was preferred for both sexes in both fisheries (Figure 24). There was a slight
indication that the selection for largest females in the recreational fishery could be less than one,
but the strongest bias in the base model occurred with the males, not the females (Figure 24).

7.4  Uncertainty and Sensitivity Analyses

Uncertainty in the model has been addressed through standard deviation estimates produced via
the Delta method as described in the model specifications section. Parameter estimates from the
model with their respective error estimates are shown in Table 16. The least certain estimates
were the 1998 recruitment, 1984 exploitation rate, and the triennial trawl survey catchability. In
general, the least variable estimates are for the selectivity parameters, followed by the
recruitment values, with most of the uncertainty being in the exploitation rate estimates (Table
16).

A sensitivity analysis to changes in natural mortality (M) was performed over a range of values
from 0.35 to 0.1. The overall likelihood indicates a lower natural mortality results in the best fit,
as measured by the lowest likelihood value (Table 17). However, an analysis of the individual
components indicates some disagreement as to which value of natural mortality is best. In Table
17, the lowest likelihood (best fit) for each component is shaded. The trawl length composition
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and logbook data indicate a higher natural mortality results in a better fit, while the other data
sources indicate the opposite (Table 17). Both stock and spawning biomass are positively
correlated with natural mortality. It appears that the spawning potential estimates are fairly
robust to changes in natural mortality (Table 17).

A sensitivity analysis of model estimates to “jacknife” deletions of data sets was performed. The
results indicate the stock and spawning biomass estimates are robust to these changes (Table 17).
There is some indication that removal of one of the age composition data sets resulted in
improved fits to the length composition data, suggesting some discrepancy in the age-length
relationship in the growth function and the composition data. It appears the deletion of one of
the triennial trawl survey, trawl logbook CPUE, or MRFSS index had virtually no effect on the
model estimates (Table 17).

8.0  Harvest Projections and Management Recommendation

Southern lingcod spawning potential fall well below the 25% rebuilding threshold. Spawning
potential and yield per recruit were analyzed to determine the Fsq, F s, Fssq, and Fgsq constant
exploitation rate policies. Figure 25 shows the SPR and YPR estimates with various reference
points. The 1998 fishery exploitation rate is also shown in this figure for comparison (Figure
25). The Fy5q, Fsq, Fssq, and Fgq reference points are shown in the spawner-recruit
relationship in Figure 25. Projections of spawning potential, yield, and stock biomass with 95%
confidence intervals were produced using a parametric bootstrap sampling (n=500) from the
lognormal distribution fit to the model recruitment estimates, fishery effort proportions from
1998, and the exploitation rates corresponding t0 F;sq, Floq. Fsq, and Fyq (Table 18, Figures
26-27). The southern lingcod stock appears to be highly productive with good potential for rapid
population increases given appropriate decreases in fishing effort. The most aggressive harvest
policy presented here is the F35% rate. It is important to note that the fishery has historically
been well above this amount. Estimates indicate the fishery has been operating at about the
F10% harvest policy rate.

9.0 Research Needs

1. A comparison of lingcod age reading is currently being conducted between NMFS, Tiburon,
WDF&W, and DFO, Nanaimo. Inclusion of improved methods of age assignments will be
important in future assessments.

2. Lingcod landing monitoring needs to be improved. There were no length or age composition
data for the non-trawl fishery which in later years makes up almost one-third of the landings.

Other recreational fisheries besides partyboat need to be monitored.

3. Alingcod discard mortality study needs to be implemented. The assumption that the fish
under 24 inch that are caught and released suffer no additional mortality needs to be critically
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examined.

4. Fishery-independent information is a critical need for lingcod. The nearshore rockfish
initiative of CDF&G may provide an opportunity for fishery independent data for future
assessments.
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Table 1. Summary of lingcod biological parameters used in the stock assessment. Source of data
used can be found in the text section with same title.

Growth - von Bertalanffy Female Male
Corrected Estimate
L, 1266 853
K 0.11 0.19
t, -0.79 -0.95
Weight-Length Female Male
Oy 7.042 E7 241E®
Bw 3.3978 3.2149
Length-at-Maturity Female Male
a, 0.021 0.016
B, 557.3 461.1
r 0.994 0.984
Fecundity Female
a, 0.0003026
Bo 3.000
Natural Mortality Estimated (see Table 2) M
Tagging (net loss) 0.20-0.80
Age Comp. 0.28
Empirical Methods
Average 0.25
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Table 3. Commercial lingcod landings for Eureka INPFC area for 1973 to 1998. Data from

1973 to 1980 from Adams (1986) and data from 1981 to 1998 from PacFIN.

Year Hook& Nets Pots Troll Trawls Shrimp Other Total
Line Trawls
1973 45.7 488.0 4.3 538.0
1974 63.1 413.0 5.9 482.0
1975 111.6 290.0 10.5 412.0
1976 21.9 352.0 2.0 376.0
1977 64.0 202.0 6.0 272.0
1978 84.1 446.0 7.9 538.0
1979 112.5 413.0 10.6 536.0
1980 23.8 291.0 2.2 317.0
1981 13.6 8.3 349.2 8.8 0.5 380.4
1982 15.2 0.4 12.9 510.9 12.8 24 554.6
1983 26.1 1.3 2.4 363.8 0.2 16 409.8
1984 5.2 0.2 34 262.8 1.0 15.4 288.0
1985 41.8 0.1 0.9 1.2 183.4 1.6 9 238.0
1986 81.6 1.8 8.5 95.1 3.5 16.7 207.2
1987 104.0 0.3 0.5 203.9 1.1 11.7 321.5
1988 106.8 0.3 0.3 179.7 3.1 22.1 3123
1989 175.4 1.5 1.1 188.6 3.7 18.9 389.2
1990 173.6 0.3 4.1 231.6 34 8.8 421.8
1991 65.5 139.9 5.9 1.3 212.6
1992 59.3 0.1 105.0 3.7 1.8 169.9
1993 40.6 0.2 0.1 0.3 153.3 1.8 1 197.3
1994 53.8 0.3 0.2 0.2 160.3 12.5 0.7 228.0
1995 90.8 0.7 0.2 0.2 132.9 5.8 1.5 232.1
1996 73.8 0.2 2.8 118.0 8.5 0.1 203.4
1997 109.1 0.1 0.2 0.1 148.8 4.1 0.1 262.5
1998 40.3 0.2 0.6 57.9 1.0 0.2 100.2]
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Table 4. Commercial lingcod landings for Monterey INPFC area for 1973 to 1998. Data from

1973 to 1980 from Adams (1986) and data from 1981 to 1998 from PacFIN.

Year Hook& Nets Pots Troll Trawls Shrimp Other Total
Line Trawls
1973 110.0 711.0 821.0
1974 87.0 896.0 983.0
1975 91.0 738.0 829.0
1976 54.0 746.0 800.0
1977 85.0 414.0 499.0
1978 112.0 538.0 650.0
1979 105.0 800.0 905.0
1980 69.0 835.0 904.0
1981 38.2 8.6 2.7 21.2 759.5 0.3 5.5 836.0
1982 22.2 49.5 1.3 14.9 736.6 0.0 16.1 840.6
1983 10.0 71.3 0.5 1.7 477.3 0.2 85.6 646.6
1984 34 25.6 1.0 546.3 160.0 736.3
1985 15.3 89.6 1.6 3.7 219.6 158.8 488.6
1986 52.5 90.4 2.1 0.7 122.1 91.7 359.5
1987 66.3 152.0 0.9 1.1 288.3 0.1 73.0 581.7
1988 99.2 169.7 2.8 14 290.0 63.5 626.6
1989 197.9 208.8 2.2 0.4 413.6 70.9 893.8
1990 154.7 174.3 1.2 8.9 318.7 48.8 706.6
1991 131.5 105.8 0.9 0.7 299.7 234 562.0
1992 128.4 85.5 0.7 1.0 190.6 35.2 441.4
1993 107.0 105.6 0.3 2.6 270.6 0.1 3.1 489.3
1994 83.3 72.0 0.3 12.4 224.1 0.5 3.2 395.8
1995 73.8 48.9 0.9 8.9 184.2 04 1.2 318.3
1996 93.0 7.3 1.2 4.8 205.6 0.9 0.8 313.6
1997 87.7 21.0 2.0 1.9 219.0 0.3 0.1 332.0
1998 27.2 3.1 2.6 0.4 31.9 0.1 65.3
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Table 5. Commercial lingcod landings for Conception INPFC area for 1973 to 1998. Data from

1973 to 1980 from Adams (1986) and data from 1981 to 1998 from PacFIN.

Year Hook& Nets Pots Troll Trawls Shrimp Other Total
Line Trawls
1973 67.0 289.0 356.0
1974 109.0 205.0 314.0
1975 56.0 172.0 228.0
1976 90.0 181.0 271.0
1977 81.0 62.0 143.0
1978 107.0 38.0 145.0
1979 85.0 175.0 260.0
1980 23.0 123.0 146.0
1981 5.3 104 0.5 14 149.2 1.7 0.1 168.6
1982 4.4 27.5 0.1 0.2 133.5 8.4 0.1 174.2
1983 0.9 4.7 0.1 41.9 0.3 0.5 48.4
1984 0.6 33 13.1 34 0.9 21.3
1985 1.1 9.6 10.3 0.3 3.2 24.5
1986 2.8 9 0.2 0.3 8.2 2.3 22.8
1987 6.2 13.2 0.2 0.7 6.6 33 30.2]
1988 4.8 23.8 4.6 3.7 36.9
1989 4.3 34.1 0.5 12.9 4.3 56.1
1990 5.5 25.3 0.2 23.7 32 57.9
1991 11.0 43.8 0.1 14.7 29 72.5
1992 19.8 253 0.2 15.8 3.2 64.3
1993 21.8 44.1 0.1 9.9 2.6 78.5
1994 18.4 21.2 1.5 0.2 21.3 2.6 1.0 66.2
1995 26.9 7.9 3.1 0.2 17.0 2.2 0.6 57.9
1996 23.0 4.8 6.7 0.2 5.1 0.6 0.7 41.1
1997 17.5 2.3 5.2 0.1 5.1 04 0.1 30.7
1998 9.9 1.2 2.9 3.2 0.7 17.9

22



Table 6. Recreational landings (mt) of lingcod from the Eureka, Monterey, and Conception
INPFC areas from 1973 to 1998. The data from 1973 to 1979 comes from Adams (1986) and the
data from 1980 to 1989 and 1996 to 1998 comes from the MRFSS. The 1990 to 1992 landings
are estimated from the trend in California CPFV CPUE index (Table 13) times average landings
from the MRFSS 1980-1989 and 1993-1998 landings. Additional MRFSS 1993-1995 landings
were supplied from Dave Thomas (CDF&G).

Year Northern Southern: State -wide
California California Recreational

1973 394.0
1974 390.0
1975 420.0
1976 413.0
1977 275.0
1978 327.0
1979 , 325.0
1980 1133.9 524.5 1658.4
1981 1018.8 132.1 1150.9
1982 488.7 81.2 569.9
1983 5244 50.0 5744
1984 423.2 78.2 501.4
1985 813.7 151.3 965.0
1986 746.1 171.9 918.0
1987 732.0 212.5 944.5
1988 790.9 244.2 1035.1
1989 824.8 130.6 9554
1990 631.0 134.2 765.2
1991 655.2 139.3 794.5
1992 636.8 1354 772.2
1993 568.0 21.0 589.0
1994 358.0 18.1 376.1
1995 423.0 18.1 441.1
1996 338.5 27.1 365.6
1997 249.6 10.9 260.5
1998 271.0 13.2 284.2
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Table 7. Lingcod trawl length composition by sex, length class and year. Actual refers to actual
sample size and Effective refers to effective sample size estimated in the base model.

Female

Length

1992

1993

1994

1995

1996

1997

200

0.019842

0.00589

0.00767

0

0.00056

0

400

0.040728

0.049497

0.003269

0.00103

0

0.003857

440

0.097655

0.131466

0.01787

0.004148

0.011222

0.004098

480

0.154372

0.169724

0.081376

0.002088

0.020634

0.013575

520

0.092267

0.151716

0.119557

0.007099

0.082813

0.047721

560

0.071271

0.160597

0.124977

0.048579

0.128373

0.060027

600

0.085805

0.127493

0.162617

0.117947

0.166738

0.073341

640

0.134104

0.045854

0.100043

0.140426

0.141596

0.067874

680

0.109091

0.042304

0.062337

0.093119

0.118681

0.047544

720

0.057374

0.053495

0.05415

0.14973

0.17058

0.12116

760

0.02436

0.022136

0.065034

0.04987

0.06107

0.165906

800

0.05098

0.010886

0.041783

0.167374

0.052438

0.092596

840

0.034161

0.005256

0.063167

0.041595

0.010896

0.095306

880

0.019344

0.006536

0.039552

0.050092

0.003948

0.085032

920

0.003763

0.006304

0.014181

0.068802

0.019965

0.067283

960

0

0.010845

0.022167

0.025882

0.010484

0.042413

1000

0.004122

0

0.012784

0.00405

0

0.010887

1040

0

0

0

0.028169

0

0

1080

0

0

0.007466

0

0

0.00138

1200

0

0

0

0

0

0

Actual

222

707

391

268

259

905

Effective

344

12.2

30.5

46.9

26.1

55.2

Male

Length

1992

1993

1994

1995

1996

1997

200

0.004329

0.020197

0

0

0

0.000945

400

0.041917

0.081261

0.008673

0.00141

0

0.0048

440

0.165146

0.202273

0.024548

0.003022

0.007826

0.005977

480

0.130307

0.147928

0.115438

0.000986

0.067417

0.101218

520

0.092464

0.112474

0.323609

0.074262

0.11915

0.227455

560

0.18459%4

0.192159

0.199283

0.229403

0.23822

0.278735

600

0.164517

0.1242

0.13569

0.152048

0.130782

0.174756)

640

0.097302

0.046326

0.095244

0.338584

0.239835

0.105722

680

0.064469

0.061287

0.069199

0.140807

0.095216

0.048256

720

0.022588

0.00916

0.028316

0.059478

0.055647

0.011909

760

0.01525

0.002735

0.045906

0.036606

800

0.008195

0

840

0.008923

0.003622

880

920

960

1000

1040

1080

1200
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Table 8. Lingcod trawl age composition by sex, age class and year. Actual refers to actual
sample size and Effective refers to effective sample size estimated in the base model.

Female
Age 1992 1993 1994 1995 1996 1997
1 0] 0.000113 0.00015 0 0 0
2| 0.038736] 0.043374| 0.007652 0 0.001533] 0.004261
3] 0.198686] 0.180921]| 0.070951| 0.002427| 0.020643 0.04908
41 0.193571| 0.222473| 0.181673| 0.014827 0.131| 0.084654
5| 0.165127| 0.172848| 0.153598| 0.116138| 0.20143| 0.123027
6| 0.175856]| 0.144726| 0.174283| 0.116752| 0.211405( 0.182767
71 0.079232] 0.096227| 0.115311| 0.145993| 0.206162| 0.146747
8| 0.080368| 0.054427| 0.091689| 0.223359| 0.096638| 0.092885
9] 0.059692] 0.034622| 0.090619| 0.161568| 0.074174 0.10252
10f 0.003796| 0.032927| 0.058747| 0.078983| 0.022733| 0.047721
11 0] 0.005119| 0.037694 0.05801| 0.007091| 0.110248|
12 0| 0.007087| 0.008366| 0.018025| 0.027191| 0.028247
13] 0.004935| 0.005136] 0.009267 0.03063 0] 0.002002
14 0 0 0] 0.033287 0 0.02584
Actual 209 615 344 206 235 799
Effective 67.4 91.7 60.0 12.2 48.3 56.7
Male
Age 1992 1993 1994 1995 1996 1997
1 0| 0.00045 0 0 0 0
2| 0.025372| 0.030167| 0.003552 0 0] 0.010061
3] 0.204687| 0.163284| 0.061237| 0.001606] 0.026813| 0.159378
4] 0.214512] 0.201056| 0.214926] 0.001071| 0.110157| 0.206595
5| 0.162063| 0.123778] 0.196477| 0.091304| 0.16295| 0.257626
6| 0.263157| 0.132261| 0.206479| 0.106205 0.16507| 0.099352
7| 0.035437| 0.149171| 0.158128| 0.174493 0.20797| 0.097716
8| 0.071513] 0.056434| 0.036617| 0.155482| 0.108101 0.02822
9 0.02326| 0.096027| 0.090452| 0.230503| 0.136314| 0.057815
10 0| 0.026822| 0.023165| 0.075191| 0.065014| 0.013394
11 0| 0.015394| 0.005928| 0.068833 0 0.00859
12 0 0| 0.003038| 0.078303| 0.017612] 0.035799
13 0| 0.005156 0] 0.017009 0} 0.006702
14 0 0 0 0 0] 0.018752
Actual 78 196 222 64 117 288
[Effective 14.6 34.0 20.1 9.0 35.8 22.7
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Table 9. Lingcod recreational length composition by sex, length class, and year. Actual refers to
actual sample size and Effective refers to effective sample size estimated in the base model.

Female

Length 1992 1993 1994 1995 1996 1997
200 0 0 0 o[ 0.00241 0
400 0 0 0 0 0 0
440[ 0.003984] 0.007937 0 o[ 0.00241 0
480 0 0.015873 0.0125 o 0.014458 0
520] 0.091633[ 0.103175| 0.10625| 0.028061| 0.086747| 0.054983
560] 0.155378] 0.162698 0.1125| 0.178571| 0.146988| 0.151203
600] 0.155378] 0.146825 0.1375| 0.232143| 0.103614| 0.161512
640| 0.143426] 0.123016] 0.14375| 0.191327] 0.127711] 0.154639
680| 0.179283[ 0.123016] 0.16875] 0.09949| 0.159036| 0.120275|
720] 0.115538| 0.142857| 0.10625| 0.117347| 0.151807| 0.178694
760] 0.063745| 0.079365 0.0625| 0.068878| 0.084337| 0.082474
800| 0.031873| 0.027778 0.05| 0.033163| 0.053012| 0.041237
840[ 0.035857| 0.015873 0.05| 0.022959| 0.043373| 0.030928
880 0.003984| 0.039683| 0.04375| 0.010204] 0.016867| 0.020619
920| 0.007968| 0.007937 0] 0.017857 0.00241| 0.003436
960| 0.003984] 0.003968[ 0.00625 0] 0.00241 0
1000] 0.007968 0 0 0] 0.00241 0
1040 0 0 0 0 0 0
1080 0 0 0 0 0 0
1200 0 0 0 0 0 0

Actual 251 504 160 302 415 291

Effective 1315 82.4 103.0 23.6 54.2 40.7

Male

Length 1992 1993 1994 1995 1996 1997

— 200 0 0 0| 0.002525 0 0
400[ 0.010563 0 0 0 0 0
440] 0.03169] 0.014286] 0.020408 0| 0.003226 0
480[ 0.03169 0.1 0.091837| 0.012626] 0.019355| 0.014035
520 0.246479 0.2] 0295918 0.260101] 0.145161] 0.214035
560] 0.330986| 0.242857| 0.22449| 0.376263 03| 0.315789
600| 0.204225[ 0.264286[ 0.163265| 0.166667| 0.254839| 0.235088
640| 0.073944| 0.121429| 0.132653| 0.090909] 0.183871| 0.150877
680] 0.045775| 0.035714| 0.071429] 0.060606] 0.06129] 0.045614
720| 0.017606| 0.014236 0| 0.020202| 0.032258| 0.021053
760 0.003521 0 0] 0.007576 0| 0.003509
800] 0.003521 0 0 0.002525 0 0
840 0 0 0 0 0 0
880 0 0 0 0 0 0
920 0| 0.007143 0 0 0 0
960 0 0 0 0 0 0
1000 0 0 0 0 0 0
1040 0 0 0 0 0 0
1080 0 0 0 0 0 0
1200 0 0 0 0 0 0

Actual 284 280 08 396 310 285

Effective 20.4 31.6 16.4 8.2 16.2 9.3
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Table 10. Lingcod recreational age composition by sex, age class and year. Actual refers to
actual sample size and Effective refers to effective sample size estimated in the base model.

Female

Age

1992

1993

1994

1995

1996

1997

0

0

0
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0

0
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0
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N
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Actual
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4.5
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11.8
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17.3

Male

_A_ge

1992

1993

1994

1995

1996

1997

0

0

0

0

0

0

0

0

0

0.002584

0

0

0.104167

0.02439

0

0

0.003247

0.003968

0.041667

0.113821

0.031579

0.049096

0.097403

0.075397

0.229167

0.243902

0.2

0.271318

0.266234

0.210317

0.166667

0.260163

0.221053

0.315245

0.324675

0.305556|

0.125

0.178862

0.273684

0.155039

0.181818

0.277778

0.208333

0.081301

0.147368

0.085271
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0.099206

Pk
(=) Nl o B KeaY B B B S e

0.083333

0.04878

0.084211

0.036176

0.019481

0.02381

0.020833

0.04065

0.031579

0.033592

0.022727

0.003968

—
—

0

0

0.010526

0.028424

0.003247

0

—
N

0

0.00813

0

0.015504

0

0

—
w

0.020833

0

0

0.005168

0

0

—
S

0

0

0

0.002584

0

Actual

48

248

95

387

308

252

[Effective

13.0

11.8

8.5
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Table 11. NMFS triennial survey swept area biomass estimates (mt) and variances for the
Eureka, Monterey, and Conception INPFC areas during 1977 to 1998.

Eureka Monterey Conception
Year Biomass (mt) [Var Biomass (mt)|Var Biomass (mt) [Var
1977 274| 1.10E+04 1800 4.35E+05 69| 3.48E+02
1980 431] 5.56E+04 671| 4.54E+04
1983 494| 3.55E+04 1467 3.88E+05
1986 316| 7.54E+03 611| 3.21E+04
1989 473 2.14E+04 2107| 2.58E+05 54| 4.85E+02
1992 148| 2.39E+08 484| 2.09E+04 27| 1.28E+02
1995 179] 7.28E+08 703| 5.90E+04 42| 1.73E+02
1998 219] 6.67E+03 651] 4.97E+04 34| 1.68E+08

Table 12. California Trawl Logbook CPUE index state-wide over the period 1978 to 1996 with

calculated SE, and 10% Coefficients of Variation SE.

Year Trawl |Trawl SE| 10%CV
CPUE SE
1978 46.02(0.903322 4.602
1979 50.15]0.780532 5.015
1980 46.2910.792774 4.629
1981 50.1510.769948 5.015
1982 48.31/0.835294 4.831
1983 31.31/0.642455 3.131
1984 26.5| 0.50837 2.65
1985 15.87(0.309447 1.587
1986 18.510.447729 1.85
1987 27.5610.595972 2.756
1988 26.410.556468 2.64
1989 29.83]0.592482 2.983
1990 30.46/0.692171 3.046
1991 22.96(0.478676 2.296
1992 18.89/0.410415 1.889
1993 20.9710.483905 2.097
1994 21.7310.540509 2.173
1995 21.6110.552615 2.161
1996 17.06/0.422863 1.706

28



Table 13. MRFSS CPUE index (lingcod caught per 1,000 angler trips) and CDF&G Commercial
Passenger Fishing Vessel (CPFV) CPUE index (lingcod/angler day) over years. The CDF&G
index is for Northern and Central California CPFV and was supplied by Tom Barnes (CDF&G).

Year MRFSS] CDF&G
1980 94.4 0.3717|
1981 83.9] 0.2767
1982 63.5| 0.2078|
1983 45 0.1844
1984 39.4| 0.1447|
1985 60| 0.1932
1986 66.4] 0.2971
1987 79.4] 0.3739
1988 719 0.4372
1989 82.3[ 0.3016
1990 0.2815]
1991 0.2923
1992 0.2841
1993 72.3| 0.2462
1994 485 0.2346
1995 53.9] 0.2846
1996 67.7| 0.3235
1997 87.4
1998 61.1
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Table 14: Lingcod estimates from the base model run (M = 0.25), standard deviations are in
parentheses.

Year Recruitment (age 1)  Stock Biomass (age 3+)  Spawning Potential
(thousands) (mt)

1973 2810 (216) 11100 (2060) 56.6 (17.5)
1974 2810 (216) 11100 (2060) 56.6 (17.5)
1975 2810 (216) 11100 (2060) 56.6 (17.5)
1976 2810 (216) 11100 (2060) 56.6 (17.5)
1977 2810 (216) 11100 (2060) 56.5 (17.5)
1978 2810 (216) 11100 (2060) 56.5 (17.5)
1979 2010 (1570) 11100 (2060) 56.5 (17.5)
1980 2130 (1420) 10700 (2060) 53.6 (17.1)
1981 1980 (1140) 9000 (1720) 42.6 (16.1)
1982 1540 (793) 7770 (1430) 345 (144)
1983 2190 (825) 6590 (1200) 26.6 (11.8)
1984 3680 (834) 5930 (1050) 23.5 (9.9)
1985 3710 (648) 5700 (890) 21.1 8.2)
1986 2540 (419) 6110 (693) 17.8 (6.7)
1987 2980 (349) 7010 (517) 17.7 (5.5)
1988 2410 (254) 7100 (408) 18.2 (4.2)
1989 1850 (186) 7180 (332) 18.9 (3.1)
1990 1730 (169) 6670 (295) 17.8 2.3)
1991 1630 (184) 6130 (299) 17.6 (1.8)
1992 1150 (169) 5740 (332) 17.9 (1.7)
1993 630 (124) 5430 (391) 18.1 (1.8)
1994 394 (101) 4930 (459) 17.8 (2.1)
1995 365 (116) 4380 (518) 18.1 (2.6)
1996 302 (142) 3600 (563) 16.9 (3.1)
1997 491 (265) 2850 (598) 14.7 (3.7)
1998 1440 (1040) 2070 (611) 109 4.1)
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Table 15. Status of southern lingcod spawning potential in 1998.

Relative Spawning
Potential Probability of | Probability of
(1998/Unfished) being less being greater
40% 0.98 0.02
25% 0.94 0.06
10% 0.64 0.36
7.5% 0.50 0.50

31




[43

%81 €8'8 108 [euonEa10RY ‘F[eIA ‘0ST ANANOIIS SIS0

%60 vL'Y 419 [BUONEAIY ‘D[eWd ‘06T ‘ANANIIJAS ONsI0]

BTLT 8100 65500 [euonEaIOY ‘DBl ‘2dO[S ‘A1ANI3]OS dNsIZ0]

AR% 91200 $680°0  |euONEAIOdY ‘O[ewd ‘ado[S ‘K11ANd3dS oNsIZo]

BE'T €11 L8¥ Ime1], 9. ‘0ST ‘KNANOS[aS dNsIZO]

BT 'SEE 081°1 78€°0 Xapu] SSAUN 10§ Aijiqeyore) %0'E 8Sl1 9z Imel], ‘Ofewd ‘06T ‘“ANAnOd[ag onsi30]
BT6S £00°0 S00'0  HNdD ¥00q307] |mei], 10) Kufiqeyoed|  %E0T L00'0 €£0°0 Ime1], ‘ofep ‘2do]§ ‘Ananodfag onsi3o]
%0'vET8 009°L 7600  Koaing [meij, [eluudni] 1oj Aijiqeyedl %881 000 9200 Imel, ‘opewd, ‘adof§ ‘K11And9]ag osIZ0]
%9'8S1 L8E°0 vpT0 8661 10j uoneIAd( uondel] Julystil  %0'vETSI L89°0 $00°0- 8661 10J (UONEBIAS(T WUSUNINIOY) U]
%0811 87€0 '8LT0- L661 10§ UONBIAD(T UONdeL SUlysi] %Yy 10S°0 080°I- L661 10§ (UONBIAD( JUSWINIONY) U]
%1°T8C 8610 0L0'0 9661 10§ UOHEIAD(] UONIIBL] SUIYSL] BLLT 14540 99¢°1- 9661 10J (UONBIAD(T JUAUNINIOY) U]
%0901 0910 1S1°0 661 10j uonEIAdQ uondeL Sulystd|  %L'0T $87°0 LLE'T- 661 10§ (UONBIAD(T UAUIINIIFY) U]
BSYS 10 6LT0 661 10§ uonelAa( uondery 3ulystyl %Ll LTT0 667°1- 661 10J (UONBIAS(T JUSUNINIOIY) U]
%9'SLE LS10 W00 €661 10 UOHEIAS(T UONIRL] SUIYSL] %LOT Lo 1€8°0- €661 10J (UONBIA(T WUAUNINIDY) U]
BYELTI £91°0 €100 7661 10j uonelAd( uohoely 3ulysty %98 1€1°0 €T 0" 7661 10j (UONBIA(T JUSUNININAY) U]
BESHI 0L1'0 L1110 1661 10j uone1AdQq uondel] Sulystll  %L'68 801°0 1210 1661 10j (UONEIAD(T JUAUNINIOAY) U]
%E9S vLI'O 60€°0- 0661 10§ uonEIAI( UONIEL] Bulyst %8'6S 901°0 LL1'O 0661 10j (UOBIADQ WAUNINIOIY) U]
BO'LE LL1O 6LY'0- 6861 10j uonEIAdQ UONdRL] Bulysl] %99 SI1°0 8¥T°0 6861 10j (UONEIAD(T JUSUNINIOAY) U]
%T18 €L1°0 €170 8861 10j uoneIAdQ uondely Julystyl  %8¥T 921'0 010 8861 10j (UONEIAD( JUAUNINIOAY) U]
%9°'S6 ELI'0 181°0- L861 10§ uonerAdy uondery Suiystaf %961 wio Lo L861 10J (UONEBIAS( WURUNINIIY) U]
»O61Y ¥61°0 9900 9861 10j uonEIAIQ UONIEL] Julysty %6TE $81°0 795°0 9861 10§ (UONEBIAD(Y JUDUNINIOAY) U]
BE'LY $ST0 670" 6861 10j uoneIAd( UoNJRL] Sulysty]  %E'IT 102°0 £6'0 $861 10J (UONEBIA(T 1UAUNININY) U]
%L'9S98 4%4 £€00°0- 861 10j uoneIA( UONJRL] Sulysty BI'LT ¥ST'0 ¥€6°0 861 10§ (UONBIAS(T JUSUNINIONY) U]
WY ITLI %20 100 €861 10j UONEIAD( UONILL] Julyst %Y'€6 L8€°0 SIv°0 €861 10j (UONEIAD( JUSUNINIDIY) U]
%0°L6 $62°0 v0£°0- 861 10J UONBIAD( UONILIL] w___,_mj %8'1€8 €150 2900 861 10J (UONEIAS(T JUAUNINIOY) U]
S 1Ty vLTO $90°0- 1861 10§ uoneiad(y uonoery Sutystyl  %0°S8I 8LS°0 €1€°0 1861 10§ (UONEBIAS( JUSUNININIY) U]
%9°'L09 LST0 00" 0861 10j uonerad( uondely Juwstdl  %0°0LI 099°0 88€°0 0861 10J (UOHEBIASQ JUAUNINIOIY) U]
BE1E $61°0 290 6L61 10§ uoneradq uondesy 3uiystd| %687 8SL°0 1£€°0 6L61 10§ (UONBIAD(T JUSWINIOAY) U]
%T0T 081°0 T68'0  8L-EL6 10j UOHEIAD(Y UONIEL] SulysL BL6I 1€1°0 $99°0 8L-€L6 10J (UONBIADQ UAUWNINIONY) U]
BL'8S $0T'0 6v€'0 uonoely Julyst 93eIoAy %81 L80°0 vL6'Y (uauniniday 9geraAy) ug

uonjelieA  uoneIAd(q djewn)sy uondiIdsy(q JIjoweIeq ~ uonelLIBA  UOIJBIAJ( djBwl)Sy uondLSy(J JdjPweIed

JO JUAJI0)) paepuels

JOJUdPYP0) pIEpUE)S

(SZT'0=//) unl [spows aseq podJuI] UIAYINOS Y} JOJ SALWI]SI JOLID PIJRIOOSSE YIIM SOJRWN)SA Jajowered ‘9f d[qe],



£

%E 61 BT6l %E'61 %S %8°6T BYIL %YL BTl  BE6L BLOT %ITT (€L61/8661) oney
601 601 601 S'El 9'81 6'6 001 €01 601 6’11 el (8661) [enudlod Sutumeds
9'96 9'96 9'96 £09 v'79 88  9LS 89S 995  €LS  §6S  (EL6I) [enudjod Sulumeds

%L8I %981 BL8I %Y'TC %0°0¢ B6IT  %Y0T  %S6l  BLBL WISl  BLLI (£L61/8661) oney
8'690C 9°L90T ¥'0L0T 1'69ST £91SE | 08961 1°0L61 0'100T ¥0LOT OV6IT 9°66€T (8661) sseuwlolg +¢ 23y
S¥8011 99801 | '6801 1 SP8PII L'SELIT | 81006 €896 1'LyT0l #'S8011 L'TSITI THISEL (€L61) ssewiolg +¢ 03y
8'09%€ 9°S6be £'EOPE 6'981¢ S'6SPT | £66VE 8'10SE  0'SOSE  680SE HEISE €8ISE [el0L
1'8Y '8y 1'8Y 1’8 I'sy I8y 1I'8Y I'sy  1'8p 1’8 Xapu] SS:AANW
€€l eel £el £el £l £el €€l €€l €€l €€l dNdD 4009307 [MelL,
9GSy 9GSy 9'sh 9sH 9cy  9SK  9Sk  9Sy 9ISy 9Gh AoAIng [eluuoLy,
a4 9Ty 9Ty (A3 6Ty Sty STy 9w 9w 9T 9T s3upuer]
12 £'12¢ €12 L'6T€ y8IE  €6l€ €07 €1T€ ¥TLE  SECE sdwo) a3y [euonearooy
L'1v01 L1401 L1401 TLYO1 TOLO0L  8LEOL L'6£01  LIYO1  L'€b01  L'SpOl  suonisodwo) a3y jmel],
£16ll €161l €611 8811 12811 | L'88I1. €681 10611 €1611 8T6II 9v6Il sduo)d yFuo] [euonearosy
1’608 1'508 1'508 8108 6'L6L $'908 6'S08  +'S08  1'S08  6P08 6108 suonisodwo)d YIudT [melL
Xapuj ANdD  [BMBM]- So8y 03y~ SedV MEIL- [0 ST'0 70 ST0 €0 SE'0 ANjerIop [eanjeN
SSIAN-  Yooqdo]- aseq

SUONR[R( JIuyoe[

"K)[eyIowr [eInjeu

Jo 98uer o) unpIM (an[eA 1S9MO]) 11 159q 9y Judsazdal sonfea popeys "19s BIep Yord JO SUONA[ap ajtuxoel pue (Sz7'g = W ‘[9pOW 3seq)
A ‘A)I[elIOW [eINJRU JO SON[EA SNOLIBA JOJ [9POW 9Y) WoIj sojewnsa renuajod Jurumeds pue ‘ssewolq ‘sonfea pooyrayr “L1 d[qeL

)



142

18 a9 ey e1eel 0Z68 ¥9¢9 908 CLS (4014 600¢
009 13017 SLT 2206 9L09 101 ['ce I'vC I'61 ¥00¢
89¢ £9C 661 Sv09 LOTY PE0¢ 1'91 Syl 9¢l 200¢
LET v6l ILT eSEY 1444 8€9¢ 07l LTIl 911 100¢
(44! 6¢l LET S6£T S6¢C S6¢¢ €01 01 0l 000T % SvA

§T6 089 vLy ev8Il L6S8 2019 v'SL v'eS S'LE 600¢
699 6vv So¢ 688 ¢56S Soov 60¢ ['€C (4] ¥00¢
Siy S6¢ £Cc 6L6S ISy 186C 961 0¥l I'el 00T
89¢C 61¢ 261 174% % [1C¢ €09¢ LTIl STl Tl 100¢
191 LST 99! 6LET 6LET 6LET o1 [0l 101 000T % 0vd

LOOT LEL €IS LLYT1 0LT8 098¢ 6'69 9'6v ove 600C
6¢tL S6v gee £eL8 (4439 S06¢ L'ec 17C £Ll 00T
1304 6C¢t LYT (418 1601 v26c 4 9¢l LTl 200¢
00¢ Sve 1414 1214% 9L1E 0LST vl ¢l 0TI 100T

181 LL1 SLI £9¢C £9¢€T £9¢€T 001 001 001 000¢ %St

0 0 0 18661 88LI1 6978 SIel 6't6 1°L9 600C

0 0 0 ceiol 850L 806¥ 61y £ce ¥'9C ¥00¢

0 0 0 1259 £e9y 1943 961 8LI 691 200¢

0 0 0 86SY 1414 9L8T 6¢l 9¢l Gel 100T

0 0 0 £0ST £0SC £0S¢ 1’11 I'11 I'T1 000T 0=
%S61ddn  uedN %66 B\soq_ %s610ddn  uedIN %66 hoaoq_ %S612ddn  uedN %66 uoaoq_ Jeax

(ywr) ssuipuer| (yuwr) sseworg 203§ [enudjod sutumeds

. *210)nJ oY) OJuI SI1edK (O] sSuipue]
12101 pue ‘[enudjod Jutumeds ‘(+¢ 93Y) ssewroiq }00)s podFul] ursyInos Jo uonodaford orjseyo0)s € WOoIJ So1sHe)s Arewwing g1 dqe],



e

N

[

e

Figure 1. Lingcod population biomass (mt) trend from synthesis modeling for the Canada-
Vancouver, US-Vancouver, and Columbia INPFC areas from the 1997 assessment (Jagielo et al.
1997). Pristine biomass was estimated at 54,544 mt and equilibrium biomass was estimated at
35,140 mt.
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Figure 2. Assessment area covers the Eureka, Monterey, and Conception INPFC areas.
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Figure 3. Lingcod length and age data from commercial and recreational landings from 1992 to
1997 and von Bertalanffy growth models fit for both females and males. The Estimate Length is
from the Xiao (1994) model and the Corrected Estimate includes the first year size-at-age data
from Jagielo et al. (1997).
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Figure 5. Marine Recreational Fishery Statistical Survey lingcod landings (mt) for the period

from 1973 to 1998
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Figure 6. Lingcod length frequency of trawl samples from the Eureka, Monterey, and
Conception INPFC areas, 1992-1997. Frequencies are weighted by sample landing weight.
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Figure 7. Female and male lingcod average size (mm) at age by year (1992-1997) from CDF&G
trawl samples.
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Figure 8. Lingcod length frequency of recreational samples from the Northern and Southern
California, 1992-1997. Frequencies are individual fish.
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Figure 9. Female and male lingcod average size (mm) at age by year (1992-1997) from CDF&G
recreational samples.
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Figure 10. Comparison of MRFSS CPUE and CDF&G CPUE indices. The MRFSS CPUE
index is number of lingcod per 1,000 angler trips and includes both the partyboat and skiff
fishery throughout California. The CDF&G CPUE index is the number of lingcod per angler day
and includes Northern and Central California partyboat catch. The MRFSS CPUE index 1s
divided by 100 to scale it to the CDF&G index.
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Figure 11. Base model estimates (M=0.25) for recruitment at (age 1) for years 1973-1998.
Dotted lines represent 95% confidence intervals of model estimates.
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Figure 12. Base model estimates (M=0.25) for stock biomass (age 3+) and spawning potential
for years 1973-1998. Dotted lines represent 95% confidence intervals of model estimates.
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Figure 13. Estimates of unfished spawning potential and relative status for 1998 based on a
lognormal distribution of model recruitment estimates. The 25% overfishing definition is
indicated by a dotted line in the lower panel.

0.9 —

206 /

£ 04 /
5 /
3 0.2

0.1 /

O T T T T T

0 100 200 300 400 500 600
Unfished Spawning Potential

—

]
=

.0.9

0.8
0.7

Eo6 \\

205 \

S04 \C

-

£03 C
So.2

I‘*—.
0% 5% 10% 15% 20% 25% 30% 35% 40% 45%
Relative Spawning Potential (1998/Unfis hed)

46



Figure 14. Exploitation rates for the combined fisheries relative to constant harvest rate policies
(top panel) and exploitation rates for each fishery (bottom panel) for years 1973-1998.
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Figure 15. Observed and base model estimated fishery landings from the trawl, non-trawl, and

recreational fisheries for southern lingcod.
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Figure 16.
survey.

Base model (M=0.25) fit to the Alaska Fisheries Science Center triennial trawl
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Figure 17. Base model (M=0.25) fit to the trawl logbook CPUE (top panel) and Marine

Recreational Fisheries Statistics Survey (MRFSS)(bottom panel) indices.
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Figure 18. Female and male traw] age composition residuals from base model results.
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Figure 19. Female and male trawl length composition residuals from base model results.
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Figure 20. Female and male recreational age composition residuals from base model results.
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Figure 21. Female and male recreational length composition residuals from base model results.
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Figure 22. Female and male age-length data by year (parentheses) and fishery (TWL = trawl,
REC = recreational) used in this model for growth function and composition computations.

Female Lingcod

% 3 i ——TWL(92) |
—— TWL(93)
——TWL(94)
‘ -e— TWL(95)
—— TWL(96) "
—e—TWL(97) |
—— REC(92)
—&— REC(93)
—— REC(94)
—e— REC(95)
—— REC(96)
—— REC(97)

]

Mean Length (mm)

15

Male Lingcod

—— TWL(92)
—e— TWL(93)
—— TWL(94)
—o— TWL(95)
—— TWL(96)
—— TWL(97)
——REC(92)
—=—REC(93)
—+— REC(94)
—e— REC(95)
—— REC(96)
300 4 ° ( —— REC(97)

1 3 5 7 Age 9 11 13 15

Mean Length (mm)

55



Figure 23. Selectivity functions for the trawl and recreational fisheries by sex, estimated by the
base model and fixed selectivity functions for the non-trawl fishery and triennial
trawl survey.
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Figure 24. Selectivity functions for the trawl and recreational fisheries by sex, estimated by a

mode] run using a parameter for each length.
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Figure 25. Yield and spawning potential per recruit (top panel) and spawner-recruit relationship

(bottom panel) with various constant rate harvest policies marked.
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Appendix 1. Equations for the fishery model used in this assessment.

Equation Indexing Values

Year index: y 1973, 1974,...1998

Age index: a 1, 2,...14+ (age 14+ is an accumulator)

Length index: len 200, 400,...1200mm (length 1200mm is an
accumulator)

Fraction of year index: f 1 = first fraction (0.5), 2 = second fraction (1-first)

Fishery: fish 1 = trawl, 2 = non-trawl, 3 = recreational

Survey: surv 1 = AFSC triennial, 2 = traw] logbook CPUE, 3 =
MRESS recreational CPUE

Biological Functions Equations

Length-Weight Relationship

Length: len Wen = %lenﬁw

Weight: W
Percent Maturity at length: 0, 1
Plen = h A (len)+ﬂp)J

. . B
Fecundity at length: @e,, ¢len — a¢ len ©*

Growth Transition Arrays:
P,,e,, and P, ., ) jenia+ ) COmputed from Monte Carlo
Proportion at age 1: Pfe,, estimation (see text description)

Proportion at age+1: P10 ionia. s

a

Data Estimates Equations
Numbers of Fish: RP
Na,y,!en Lylen — "ty
1200
—_ -Mf
N, a+f,y+f len(a) — len(az:)=200N a, y,len}::z,len(a),len(a+ -f ),le
N

a+l,y+llen(a+f)

1200

- -M(1-f)
- Z (N a+f,y+flen(a) ~ ﬁzhca' v.len, fish )Pa,len(a+f )1en(a+])e
S,

len(a+ f)=200

Noiyjen =Ny yilJen
N14+,y+1,len(a+f) = Na+f,y+f,len(a) +
1200
-M(i-f)
1en(a-§)=200(N a+f.y-1+f len(a) — f%hCa, yJlen, ﬁstha,len(a-bf )Jen(a+l)e
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Biomass of fish:
Ba.)‘,len

Spawning biomass:
S,

Catch in numbers:
C

a,y,len, fish

Landings in weight:

C

Y.Jish, .
Selectivity functions:

S yJlenfish

Exploitation fractions:

luy,len, fish

Surveys:

A

U

y.surv

Proportions at length:

4

len,y, fish

Proportions at age:

60, y,fish

B _ . =N, .W

a,ylen a,ylen’ "len

S ZZ a,y, lenp len¢len

a len

,y,len fi sh Z at+f,y+f, leduy,len fi shD

where, Dyls a dlscard factor used to increase the catch in the
trawl fishery only.

y fish zz ylmfsh

a len

1
Sy len, 1 2, 3 [1 + y fs;,len""ﬁv fsh)J

:uy,len, fish — ny, ﬁshs ylen fish where,

o= 1 C3. g
v ll + exp(ﬂ; )J ZC: fish
fish Youre
Uy surv = qsuw[zz a,y Ienslen,survj
a len

Z a,y.len, fish
len »fi ish
55 v

a len
2.2 Coyton e
A len d
len ».fi sh
2222 Cosiennh
a len d

where, Aa,a'is the ageing error matrix, specified as corrected

/’
age, 4 , for an estimated age, a.
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Parameters estimated in

the model

K vg, I#”Recruitment
at age 1:

4

77y

%, s B, psh

Dsurv

Description

_ av, dev
R, = exp (R * +R] )[y: 1973-1998]

Overall exploitation fraction: bounded between —20 and 20

[y: 1973-1998]

Logistic selectivity parameters:

For fish = 1, parameters are constant
For fish = 2, parameters are constant
For fish = 3, parameters are constant

Survey catchability parameter: [surv: 1,2 or 3]

Likelihood Component
Length compositions:

l1 = Zl1,ﬁsh

fish

Age compositions:

L

Landings:

L= ZLs fish

fish

Equation

l1,ﬁsh = Zny,ﬁshzelen,y,ﬁsh loéelen,y,ﬁsh)
y

len

Zelen, y (1 - elen, y )

len

Z (elen,y - élen, y

len

where 7, 50 =

sample size from an earlier model convergence.

LQ = Zny,l Zea.y,l loiéa.y’l )
y a
Zea,y (]‘ - ea.y )

a

where 1, = " is the effective sample
Z(ea.y _ea‘y)2

a

size from an earlier model convergence.

Yy, ’lSh V,ﬁSh
3.ﬁ.\'h

log
y zo-y, fish

63

)2 is the effective




Surveys: a
A 2

= 10 U surv / U surv S

L4 WZ';VL4,surv L4‘m’_v = Z g( Y ’ ); ) +1lo O-;j,surv)
Y z(ay,suw)
Overall objective function: -
L L= ZLx
64
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