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ABSTRACT

Total biomass of the Gulf of Maine northern shrimp stock is currently below-average, and the
fishing mortality rate (F) is relatively high. Trends in stock abundance and F were modeled with
abundance indices from research vessel surveys and commercial landings (1985-1996) using a
modified DeLury technique. Estimates of biomass and F were independently assessed using a
non-equilibrium biomass dynamics model of 1968-1996 landings and survey indices.
Abundance of recruited shrimp at the end of the 1996 fishing season was the lowest since the
early 1980s. Fishing mortality ranged from 0.1 to 0.5 during 1985-1995 and increased to 0.9 in
the 1996 fishing season, the highest level since 1975. There is a 90% probability that Fy,
exceeded 0.7, the level associated with a stock collapse in the 1970s. Based on a decade of
relatively stable stock levels, an appropriate target may be an I of approximately 0.4, which was
the average for 1985-1995. An F of 0.4 corresponds to approximately 40% of maximum egg
production per recruit and is slightly below F, ;.
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INTRODUCTION
Northern shrimp, Pandalus borealis, (also referred to as pink shrimp) are distributed
discontinuously throughout boreal waters ot the north Atlantic, north Pacific and Arctic Oceans
(Shumway et al. 1985). In the Gulf of Maine, northern shrimp are considered to comprise a unit
stock. They inhabit soft mud bottom at depths of approximately 10 to 300 m, most commonly in
the cold waters of the southwest Gulf of Maine (Haynes and Wigley 1969, Schick 1991).
Temperature is an important factor in ontogenetic rates and reproductive success for this stock,
because the Gulf of Maine is the southern limit of the species’ distribution in the North Atlantic
(Shumway et al. 1985).

Northern shrimp are protandrous hermaphrodites. In the Gulf of Maine, they generally spawn as
males in their second year, then begin to transform into mature females in their third year.
Ovigerous females move to coastal waters in late autumn to spawn. Eggs hatch inshore, and
juveniles migrate to deeper offshore waters as they begin to mature (Shumway et al. 1985).

A directed otter trawl fishery for northern shrimp began in coastal waters of Maine and
Massachusetts during winter months in the 1930s and further developed in the 1940s, but inshore
availability of shrimp soon declined (Scattergood 1952). An inshore winter fishery resumed in
the late-1950s and steadily expanded to offshore areas throughout the year until the stock
collapsed in the late 1970s (Clark and Anthony 1980; Clark 1981, 1982). After a regulated
closure of the fishery in 1978, the fishery continued and grew {o its current magnitude, which is a
relatively valuable industry in New England (1995 landed value was $13 million; NMFS 1996).

The Gulf of Maine fishery for northern shrimp is managed through interstate agreement among
the states of Maine, New Hampshire and Massachusetts. The management framework evolved
from 1972 to 1979 under the auspices of the State/Federal Fisheries Management Program. In
1980, this program was restructured in the Northeast Region as the Interstate Fisheries
Management Program of the ASMFC (McInnes 1986). Within the interstate structure, the
Northern Shrimp Technical Committee (NSTC) provides annual stock assessments and related
information to the ASMFC Northern Shrimp Section (a management board). Management has
been conducted primarily by controlling the length of fishing seasons (within the time frame of
December to June) and gear restrictions. The fishing season currently extends from December of
one year to May of the next year. Therefore, fishing seasons are labeled according to the
calendar year for January of the fishing season (e.g., the 1996 season includes fishing from
December, 1995 to May, 1996).

Stock assessments initiaily consisted of total landings estimates, indices of abundance from

Northeast Fishery Science Center (NEFSC) groundfish surveys, fishing mortality estimates from
the application of cohort slicing of length frequencies from the State of Maine survey, and yield
per recruit modeling (Clark and Anthony 1980; Clark 1981, 1982). The NSTC developed a port
sampling program in the early 1980s to characterize catch at length and developmental stage (sex
and maturity), and established a dedicated research trawl survey for the species in the summer of
1983 to monitor relative abundance, biomass, size structure and demographics of the stock.
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Subsequent stock assessments provided more detailed description of landings, size composition
of catch, patterns in fishing effort, catch per unit effort, relative year class strength and survey
indices of total abundance and biomass. Length distributions from the summer shrimp survey
have been used for size composition analysis to estimate mortality rates, but did not fit the
length-based models well because of variable recruitment and growth (Terceiro and Idoine 1990,
Fournier et al. 1991). The present assessment is the first to integrate catch and survey indices of
abundance for estimation of stock abundance and mortality rates, and provides estimates of egg
production per recruit and revised estimates of yield per recruit.

THE FISHERY
Commercial Landings
Small quantities of northern shrimp have been incidentally caught in New England otter trawl
fisheries since 1905 (Scattergood 1952). A directed winter fishery in coastal waters developed in
the late 1930s, which landed an annual average of 63 mt from 1938 to 1953, but no shrimp were
landed from 1954 to 1957 due to low inshore availability (Wigley 1973; Figure 1). The fishery
resumed in 1958, and landings increased steadily to a peak of 12,100 mt during the 1969 season
(August 1968 to July 1969) as an offshore, year-round fishery expanded. After 1972, landings
declined rapidly, and the fishery was closed in 1978. The fishery reopened in 1979 and seasonal
landings increased gradually to 5,300 mt by 1987 and averaged 3,300 mt from 1988 to 1994
(Table 1). Seasonal landings increased to 6,500 mt in 1995 and to 9,200 mt in 1996, which was
only exceeded by the five years of landings prior to the late 1970s stock collapse. The
preliminary estimate of landings for the 1997 fishing season is approximately 6,700 mt.

Maine landings comprised 75% of season totals during 1984-1996. Massachusetts and New
Hampshire landed 17% and 8%, respectively (Table 1). The majority of landings generally occur
in January and February (Figure 2).

Information on size and developmental stage of landed shrimp from port sampling (Tables 2 and
3) suggests that landings have been predominated by recruitment of three abundant year classes
since 1985 (Figure 3; recruitment patterns are more pronounced in survey catches, described
below). Landings more than tripled with recruitment of a strong 1982 year class in 1985 and
1986. Landings declined sharply in 1988 with the passage of this year class through the fishery.
A strong 1987 year class began to recruit to the fishery in spring of 1989 and was a major
contributor to the 1990-1992 fisheries. The 1992 year class began recruiting to the fishery in
1995. The moderate sized 1993 year class also contributed to relatively large annual landings in
1995 and 1996.

Landings from January to March consist primarily of mature female shrimp (presumably ages 3
and older) and December, April, and May landings have included higher proportions of males
(assumed ages 1 and 2; Figure 4). These patterns reflect shifts in distribution of fishing effort in
response to seasonal movements of mature females: inshore in early winter and offshore after
their eggs hatch.



Catch in numbers was derived by dividing landed weight (Table 1) by mean individual weights
(Table 4) by year, state, and month. The general patterns in size composition of landings are
reflected in mean weight of individual shrimp landed by year, state, and month: the size of
landed shrimp generally increases from December to January, peaks in February, and decreases
through the spring. Three percent of total landings for 1984-1996, were from specific year-state-
month strata with no port samples, generally from the beginning or the end of a fishing season.
Mean weight for these non-sampled landings was estimated by a general linear model of mean
weight incorporating year, month and state effects. Some June landings, which had no
associated port samples (126 mt, 0.2% of total time series landings), were described using May
samples within the same year and state.

Discarded Catch

Sea sampling observations on shrimp otter trawl trips from 1984 to 1996 indicate that weight of
discards is less that 1% of total catch in all years (Table 5). Large year classes appear to
contribute some discards as age-2 (e.g., the 1992 cohort produced almost 1% discards in 1994).
Industry representatives report substantial discards of shrimp in the small-mesh whiting fishery
east of Jeffrys Ledge. Sea sampling observations from finfish trawl fisheries in the Gulf of
Maine suggest that bycatch of northern shrimp was inconsequential from 1984-1994. However,
in 1995 and 1996 the amount of discarded shrimp per trip increased considerably, and the
increase was from small-mesh trips sampled in the area of Jeffrys Ledge. Although the observed
discards incteased, the total was less than 60 kg per observed trip. Unfortunately, no shrimp
lengths were measured during sea sampling, and estimates of total number discarded would be
difficult. Therefore, discard estimates were not included in the present stock assessment.

Eishery Selectivity

Selectivity of commercial trawl gear was estimated experimentally in July 1995, twenty miles
south of Boothbay Harbor (Schick and Brown 1997). Five paired tows were sampled with a
trouser trawl over a two-day period. The trouser body consisted of 47.6 mm (1-7/8") diamond
polypropylene mesh as did the septum, which divided the trawl in half vertically. The control
codend was 12.7 mm (1/2") square polypropylene mesh with a 6.4 mm (1/4") mesh liner. The
experimental codend consisted of 47.6 mm (1-7/8") diamond polypropylene mesh.

Three five-kg samples from each codend were bagged, labeled, stored on ice at sea, and then
frozen. Mid-dorsal carapace length (CL) was measured for 500 shrimp from each sample.
Sample length frequencies were expanded to total catch length frequencies using the ratio of
sample weight to catch weight. Observed retention ratios at length were derived by dividing the
number at length from the experimental codend (large mesh) by the number at length from the
control codend (small mesh). The average of five ratios, one from each tow, was used to fita
selectivity ogive (Nicolajsen 1988):

P = /(1 +eteclety )



where P is the proportion retained at size. The parameters a and b were estimated using logistic
regression. The CL range used in the regression was 13.5-28.5 mm CL. '

Nominal Fishing Effort and Catch per Unit Effort
The number of vessels participating in the Guif of Maine northern shrimp fishery was estimated

to range between 300 and 400 in recent years. The distribution of vessel sizes in the shrimp
fishery, as indicated by gross registered tonnage, has been relatively stable since 1986:
approximately 20% vessels less than 10 gross registered tons, 60% 10-50 tons; and 20% greater
then 50 tons. The relative proportion of smaller vessels (<5 tons) in the fishery appears to have
been more variable than participation by larger vessels. Most fishing is conducted by otter
trawls, although traps are also used off the central coast of Maine. Trapping operations generally
account for 4-8% of the Maine's total number of trips. Trap landings have remained below 5% of
the annual total reported for the state.

From 1975 to 1994, nominal fishing effort (the number of trips landing shrimp) was estimated
from dealers’ reported landings and landings per trip information from dockside interviews of
vessel captains. For the 1995 and 1996 fishing seasons, the ratio of landings from mandatory
Federal vessel trip reports to total dealer weighout landings was used to expand reported trips to
total trips. This expansion assumes that unreported trips have the same catch rates as reported
trips. Smaller vessels that are not required to file logbooks may have lower catch rates than those
reported, and effort may be overestimated for 1995 and 1996. The interview system, used for -
1975-1994 effort estimates had a similar bias toward sampling larger boats. Nominal effort
increased in the late 1960s to average 16,000 for the 1970-1972 fishing seasons. Effort
decreased rapidly in the 1970s, but increased considerably after the 1978 closure was recinded.
The number of trips peaked at 12,300 during the 1987 season, decreased to 6,000 trips in 1994,
and increased again to 12,000 trips in 1996 (Figure 5).

More detailed effort information has been evaluated over the past 6 years by port sampling
interviews in Maine and New Hampshire. The time series of total hours fished reflects the
pattern of total trips, suggesting that recent estimates of nominal trips are not substantially
overestimated by logbook data in the last two years (Figure 5). The amount of offshore fishing
effort has varied seasonally, reflecting movements of mature females (inshore in early winter and
offshore following larval hatching).

Effort standardization was not possible, because number of tows and haul duration data from
vessel logbooks have not been audited (NEFSC 1996). However, 1984-1993 standardized effort
closely reflected nominal effort (Richards 1993).

Catch per unit effort (landings per hour fished) from Maine and New Hampshire port interviews
indicates an increasing trend in catch rates since 1993 (Figure 5). The increase in catch rates
may reflect increased biomass or denser aggregations of shrimp, which make them more
available to the gear. Another possible cause for an increase in catch rate is an increase in vessel
fishing power, which can not be assessed independently.
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RESEARCH TRAWL SURVEYS
Trends in abundance have been monitored since the late 1960's using data collected by NEFSC

spring and autumn bottom trawl surveys and summer surveys by the state of Maine and the
NSTC (Figure 6).

Maine Survey :
Maine conducted summer surveys in the Gulf of Maine from 1967 to 1983. Fixed stations were

sampled with an otter trawl during daylight at locations where shrimp abundance was historically
high (Schick et al. 1981; Figure 7). The Maine survey biomass index began declining in 1968,
and depicts the stock collapse in the late 1970s (Figure 6; Clark 1981, 1982; Schick et al. 1981).

Groundfish Surveys

NEFSC autumn bottom trawl surveys have been conducted since 1963, and spring bottom trawl
surveys have been conducted since 1968. Stations are sampled from Cape Hatteras to Nova
Scotia according to a stratified random design (Figure 8; Despres et al. 1988). Although the
groundfish surveys catch relatively fewer northern shrimp and have more measurement error,

they represent a longer time series. Correspondence among research surveys and fishery indices
of abundance suggests that the autumn survey tracks resource conditions more closely than the
spring survey (Clark and Anthony 1980; Clark 1981, 1982). The autumn survey indicates a
precipitous decline from peak biomass in the 1960's to 3% of peak levels in the late 1970's. The -
index subsequently increased in the 1980s and, since the mid 1980s, has fluctuated at
approximately 40% of the peak levels observed in the 1960s (Figure 6).

NSTC Shrimp Survey
The NSTC shrimp survey has been conducted each summer since 1983 employing a stratified

random sampling design and gear specifically designed for Gulf of Maine conditions (Blott et al.
1983, Clark 1989). The summer survey is considered to provide the most reliable information
available on abundance, distribution, age and size structure and other biological parameters of the
Gulf of Maine northern shrimp resource. Indices of abundance and biomass are based on catches
in the strata that have been sampled most intensively and consistently over time (strata 1, 3 and
5-8; Figure 9). Survey catches have been highest in strata 1, 3, 6 and 8, the region from Jeffreys
Ledge and Scantum Basin eastward to Penobscot Bay. The 1983 survey did not sample strata 6-
8.

The statistical distribution of survey catch per tow (in numbers) was investigated to determine

the best estimator of relative abundance. Catches within strata were distributed with significant
positive skew, and arithmetic stratum means were correlated to stratum variances. Log
transformed catches (Ln[n+1]) were more normally distributed. Log transformation is a common
practice for estimating relative abundance from trawl surveys, because stratum means and
variances are seldom independent, and log transformation generally normalizes observations,
renders the variance independent, and reduces anomalous fluctuations (Grosslein 1971).



Geometric means were estimated with more precision (mean CV=2.4%) than arithmetic means
(mean CV=13.5%). Therefore, stratified geometric mean catch per tow was used to estimate
relative abundance. The nontransformed and transformed indices have different magnitudes and
temporal patterns, particularly in recent years (Figure 10). The 1996 arithmetic mean is slightly
below the time series mean, but the 1996 geometric mean is the lowest in the time series.
Annual variation in the difference between the two series reflects varying degrees of skewness,
or patchiness of shrimp aggregations from year to year, which is consistent with observations
from the fishery (i.e., the shrimp appear to be more patchily distributed when abundance is low).

Shrimp survey catches by length and developmental stage (Figure 11) reflect the predominance
of the strong 1982, 1987 and 1992 cohorts in the stock. Although size at age-1.5 varies from
year to year, discrete length modes indicate the relative abundance of age-1.5 shrimp (generally
around 12-18.5 mm CL) and age-2.5 shrimp (generally 19-23 mm CL). Length modes for older
cohorts overlap extensively.

A “selectivity method” was used to derive indices of recruits and fully-recruited shrimp from
survey length frequencies (NEFSC 1995). The number per tow at length was partitioned into
three components: fully-recruited, recruits, and pre-recruits (as illustrated in Figure 12). The
fishery selectivity curve (Schick and Brown 1997, described above) was used to define fully-
recruited shrimp. The products of selectivity at length and survey catch per tow at length were
summed to derive total catch per tow of fully-recruited shrimp. The carapace length of each
interval was increased by one year of growth according to a vonBertalanffy growth curve:

CL,., = CL, +(CL. -CL) (1-¢%) ' 2)

where CL,=35.2 and K=0.36 (McInnes 1986) to estimate fishery selectivity after a year of
growth. The remaining length frequency of recruits and pre-recruits was then multiplied by the
end-of-year selectivity at length to obtain an index of recruits. Using the selectivity method, age-
classes recruit to the fishery over several years, and recruitment in each year is composed of
several cohorts. Therefore, the definition of recruitment used in this assessment is not
synonymous with year-class strength (previous northern shrimp assessments defined recruitment
as age-2.5 abundance).

Mean weight of recruits and fully recruited shrimp were estimated according to length-weight
equations for each developmental stage from Haynes and Wigley (1969) and 1990 northern
shrimp survey observations. '

ABUNDANCE AND FISHING MORTALITY ESTIMATES

Methods
A modified DeLury model (Collie and Sissenwine 1983, Conser and Idoine 1992) was applied to

the Gulf of Maine northern shrimp fishery:

Net =N, +R;- C) e™ &)



where fully-recruited abundance at the end of the year (N,,,) equals fully-recruited abundance at
the beginning of the year (N,), plus recruitment (R,), minus catch (C,), all reduced by one year of
natural mortality (e™).

Natural mortality {M) was assumed to be 0.25, as approximated from the intercept of a
regression of total mortality on effort (Rinaldo 1973, Shumway et al. 1985). Estimates of Z for
age-2+ shrimp from visual inspection of length modes from the Maine summer survey was 0.17
from 1977 to 1978, when the fishery was closed (Clark 1981, 1982), suggesting, for the
population as a whole, M is low relative to estimates for other Pandalus stocks, which range
from 0.2 to 0.8 (ICES 1977, Abramson 1980, Frechette and Labonte 1980).

Catch was assumed to be taken at mid-year, whereby the summer survey marks the beginning of
the “survey year” (August 1), and catch was taken on February 1 of the next calendar year (which
was based on the time of 50% cumulative seasonal catch for 1985-1996 (Figure 2):

Ny = [V, + R)e®M - C] 5™ @)

so that recruited shrimp (N, + R)) experience a half-year of natural mortality (e*°™), catch is
removed, then the survivors [(N, + R)e*™ - C ] experience another half-year of natural
mortality.

Abundance is related to survey indices of relative abundance:
n' = g.N,e" (3)

and
R =qR, e 6)

where r/ and n,' are observed survey indices of recruits and fully-recruited shrimp, ¢ is
catchability of the survey gear, and e™ and e are lognormally distributed measurement errors.
The process equation is derived by substituting survey indices into equation 4 and including
lognormally distributed process error (e*'):

o = [(n,+ P8 )e*™ - 4,C] ¥ e @

where
s, =4,/ 4, (8)

is the relative selectivity of recruits to fully-recruited shrimp. Selectivity studies (Blott et al.
1983) and survey catch at length suggest that age-1.5 sized shrimp are sampled less efficiently
“than age-2+ shrimp, because total catch per tow is greater at age-2.5 than at age-1.5 for some
cohorts (Figure 11). For the shrimp survey, there are two components to s,: selectivity and
availability of age-1.5 shrimp. The 32mm codend mesh in the survey trawl may not retain some
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small shrimp, and in some years, age-1.5 males may not completely migrate from inshore areas
to the survey strata (Figure 9). Precise estimation of survey selectivity at size was not possible
due to high variability in catch at size and few comparative experimental tows (Blott et al. 1983).
For the present analysis, s, was approximated from the relative sampling efficiency of <19mm
CL shrimp to that of larger shrimp, and the relative proportions of those sizes comprising total
recruits and fully recruited indices.

The parameters n,, r,, and g, were estimated by iteratively minimizing the sum of measurement
errors (equations 5 and 6) and process errors (from equation 7) for the entire time series. Total
mortality (Z) and fishing mortality (F) were calculated from abundance estimates:

Zgny=Ln [(N,+R)/Ny,] (9)
and '
FR+N,t = ZR+N.1 -M (10)

The fishing mortality can be partitioned according to the average partial recruitment (p) of
recruits over the survey year:

Fy: = [Frens RANJ1/ p R, (1)
and :
Fe.=pFyy - (12)

Average partial recruitment was derived from the schedule of growth to fully-recruited size over
the survey year, as approximated by observations of monthly growth of age-1.5 shrimp from a
mean carapace length of 14.5mm in July to 21.9mm CL the next July (Haynes and Wigley 1969).

Results

DeLury results are summarized in Table 6 and more detailed model output is reported in
Appendix A. Parameters were relatively well-estimated. Coefficients of variation for fully-
recruited abundance estimates ranged from 19% to 25%, estimates of recruitment were slightly
less precise (CV=23% to 25%), and g, was estimated with moderate precision (CV=21%). There
were no large correlations among the 26 parameter estimates, but ¢, was weakly correlated to
recruitment in 1996 and 1997 (r=0.4). Standardized residuals ranged from -1.1 to 1.0 without
significant annual patterns, indicating that the data fit the model well (Figure 13).

Recruitment estimates averaged 0.7 billion, peaked at 1.0 billion in 1990, but decreased in recent
years to 0.4 billion in 1997. Fully-recruited abundance averaged 0.8 billion, peaked at 1.2 biilion
in 1991, and decreased to 0.5 billion in 1997, the lowest level in the time series. Comparison of
DeLury estimates of fully-recruited abundance to minimum abundance estimates from area-
swept expansion suggests that the g estimate is realistic: area-swept estimates were less than
DeLury estimates in all years, ranging 0.2 billion-0.5 billion, which implies a survey catchability
of approximately 0.5. Total stock biomass estimates averaged 12,500 mt, peaked at over 17,000
mt in 1991, and decreased to 7,300 mt in 1997. The pattern of biomass estimates is similar to
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biomass indices from the autumn groundfish survey, and the magnitude of biomass estimates are
similar to those estimated for the early 1970s using total catch and survey estimates of F
(Anthony and Clark 1980).

Annual estimates of Fy,, averaged 0.36 from the 1985 to 1995 fishing seasons, and increased to
0.90 in the 1996 fishing season (Figure 14). The increased F in the 1996 season reflects the
pattern in nominal fishing effort (Figure 5). Estimates of mortality in the first and last years are
the least reliable in DeLury analysis, because they are linked to one adjacent year rather than
two, Averages of terminal mortality estimates (e.g., Fqs.5,=0.65 or Fy,_4,=0.54) are less sensitive
. to measurement error in the 1996 survey observation of fully-recruited shrimp. However,
averaging Fo with previous years may be inappropriate because of the apparently significant
increase. Total mortality estimates were within the range of previous estimates using visual
inspection of survey length frequencies (previous NSTC reports), Shepherd’s Length
Composition Analysis (Terceiro and Idoine 1990) and MULTIFAN (Fournier et al. 1991).

Two hundred bootstrap replicates, which were derived by randomly resampling model residuals,
suggest that estimates of abundance, biomass and mortality were relatively precise. The median
bootstrapped value for Fy was 0.93 with an 80% confidence interval of 0.74 to 1.14 (Figure 15).
The median Fy, 4 was 0.72 (80% CI=0.59 to 0.84) and the median Fy, o was 0.58 (80% CI=0.47
to 0.67). Abundance estimates were not bias-corrected, because estimates of bias were not
substantial (<10% in most years).

Sensitivity Analyses

Alternative DeLury analyses were conducted to evaluate sensitivity of results to several
assumptions: alternative estimates of M, fishery selectivity, relative survey selectivity of
recruits, survey catches, and statistical weighting (Table 7, Figure 16).

The level of M for northern shrimp is uncertain. As described above, there are two sources of
information for the Gulf of Maine stock: M was estimated as 0.25 by regressing Z on effort, and
as 0.17 from survey catches before and after the fishery closure. These M estimates are below
most levels estimated for other stocks of northern shrimp (Pandalus borealis). An international
working group was unable to precisely determine M, but used 0.5 for an Iceland stock based on
catch curves of survey length frequencies, and assumed M for other stocks based on the relative
abundance of cod in the area (ICES 1977). An estimate for the Gulf of Alaska stock was 0.35
{Abramson 1980). Frechette and Labonte (1980) reported several estimates of M for the Gulf of
Saint Lawrence stock using three years of survey length distributions: 0.4 for age-2+, and 0.2-0.8
for age-3+. A DeLury analysis with M=0.35 was conducted to investigate sensitivity of results
to M. Greater values for M would exceed some estimates of total mortality. Although the
magnitude of Z is affected by the assumed value of M, the temporal pattern does not appear to be
sensitive to M (Figure 16), but g and abundance estimates were sensitive. Results from this
sensitivity run suggest that substantial catch was produced with negligible F (0.03), because
stock abundance and biomass estimates were much greater than those from the base run
(M=0.25).



Estimates of fishery selectivity from trouser trawl experiments {Schick and Brown 1997,
described above) produced a very gradual selectivity curve (Figure 12). Survey and commercial
data were used to derive retention ratios at length as an alternative method of approximating
vulnerability at size (NEFSC 1995). The ratio of cumulative length frequencies from the 1996
spring NEFSC survey and April 1996 port samples were used to approximate vulnerability at
size. The resulting vulnerability curve is steeper than the selectivity curve, and the estimated
length at 50% retention is slightly smaller. The “selectivity method” of estimating recruits and
fully-recruited shrimp from summer survey catch at length, described above, was revised using
the vulnerability curve for an exploratory DeLury analysis. The results from the sensitivity run
were similar to the results using the selectivity experiment data (Figure 16), suggesting that these
results are not very sensitive to slight changes in L, or substantial changes in the steepness of the
assumed selectivity curve.

Previous NSTC stock assessments did not log transform survey catches to derive abundance
indices. Sensitivity of log transformation was evaluated by processing untransformed catch at
length data to derive alternative indices of recruits and fully-recruited shrimp for an alternative
DeLury analysis. Abundance and mortality estimates from this sensitivity run were similar to
those using Log transformed survey indices (Figure 16), because the greater magnitude of non-
transformed survey indices was compensated by a greater estimate of g.

Sensitivity to the estimates of annually variable s, was evaluated by setting a time series average:
(5,=0.9) to all years. Results using 5,=0.9 were nearly identical to the base run (Figure 16).
Increasing s, to 1.0 decreased mortality estimates slightly, and decreasing s, to 0.8 slightly
increased mortality estimates (Figure 16).

Terminal estimates from DeLury analysis are typically sensitive to the statistical weighting of
process and measurement errors (e.g., NEFSC 1995). The northern shrimp DeLury analyses had
equal weighting of error components. There was a slight pattern of positive process residuals in
the middle of the time series, and process errors accounted for 45% of total model error. A
model run with double weighting of process error was attempted to assess the sensitivity of Fy, to
weighting, decrease to proportion of process error in the solution, and perhaps reduce the residual
pattern. The sensitivity run indicated an increase in Fyg to 0.96 (from 0.90 with equal weighting),
31% process error, and the same pattern of residuals. Therefore, increasing the weight of process
error would increase Fy,, and downweighting process error would not be appropriate, because it
is not likely that process errors are greater than survey measurement erTors.

Statistical diagnostics of all DeLury runs for sensitivity analyses were similar (Table 7). All
sensitivity analyses resulted in an average total mortality of approximately 0.6. Estimated F was
greatest in 1996 from all model runs. Therefore, the reported level and temporal pattern of
mortality estimates are robust to all assumptions which were evaluated.
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Retrogpective Analysis
Comparison of results from eight retrospective DeLury analyses to the results reported above

was investigated to assess the stability of estimates in the last year of the analysis and the
possibility that terminal mortality estimates are systematically inconsistent. The analysis was
performed by sequentially truncated by deleting the last year of survey and catch data to create a
retrospective series of DeLury estimates (Figure 17). Terminal mortality estimates were quite
stable in most years. Retrospective differences in Z were positive for the first two terminal
estimates (1988 and 1989), negative for the next three (1990-1992), and positive for the last three
(1993-1995).

Confirmatory Analysis
An alternative method of estimating stock size and F was explored to corroborate results from

DeLury analysis. A nonequilibrium surplus production model (Prager 1994, 1995) was fit to
_seasonal catch and survey biomass indices from 1968 to 1996 (summarized in Table 8, more

detailed output in Appendix B). The model assumes logistic population growth, in which the
change in stock biomass over time (dB/dt) is a quadratic function of biomass (B)):

dBJdt = 1B, - (r/K)BY, (13)

where r is intrinsic rate of population growth, and K is carrying capacity. For a fished stock, the
rate of change is also a function of F:

dB/dt = (r-F)B, - (/K)B/? (14)
For discrete time increments, such as annual fishing seasons, the difference equation is:
B, =B, + (r-F)B, - (/K)B; (15)

Initial biomass (B,), r, and K were estimated using nonlinear least squares. The fall groundfish
survey catch per unit effort (CPUE) contributed to the total sum of squares as a series of
observed effort (E=CPUE/C); the Maine summer survey and the NSTC shrimp surveys
contributed as independent indices of biomass at the start of the fishing season. Note that no
assumption about M is needed for the biomass dynamics analysis.

One survey observation (fall 1982) was a statistical outlier, and the pattern of residuals from
Maine and NSTC surveys suggest autocorrelation (Figure 18). The majority of variance in the
fall and Maine surveys was explained by the model (R*=0.6 an 0.7, respectively), but much of
the variation in the summer shrimp survey was not resolved (R*=0.2). The model did not
account for peaks in biomass from strong recruitment. '

* Estimates of F from the biomass dynamics model generally confirm the pattern and magnitude of
estimates from the DeLury model; Fy; was the highest value since 1975 (Figure 19). Recruitment
of the strong 1982, 1987, and 1992 cohorts is not as pronounced in the biomass trajectory from
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the production model, because dynamic recruitment is not explicitly estimated, as it is in the
DeLury analysis. The biomass dynamics model suggests that a maximum sustainable yield
(MSY) of 5,000 mt can be produced when stock biomass is approximately 31,000 mt (Bygy) and
F is approximately 0.2 (Fyy; Figure 20). However, B,y Was only exceeded by the first three
years in the analysis, which are not reliable (Prager 1994, 1995).

Survey residuals were randomly resampled 200 times to estimate precision and model bias.
Bootstrap results suggest that », MSY and F,, were relatively well estimated (relative
interquartile ranges were <17%, and bias was <3%). Estimates of K, By, and g’s were
moderately precise (relative [Qs were 23-25%, bias was <2%), and B, was not as precisely
estimated (relative [Q=45%). Fishing mortality in 1996 was estimated with less precision than
DeLury analysis (relative 1Qs were 24% from DeLury analysis and 59% from the production
model). Similarly, By, was estimated with less precision than DeLury analysis (relative 1Qs were
24% from Del.ury analysis and 76% from the production model).

Three alternative production model runs were investigated. The first sensitivity run removed the
summer shrimp survey, which did not fit the model well, to provide a more independent
confirmation of the DeLury analysis; the revised analysis had very similar parameter estimates
and trajectories of F and biomass. Another run removed both the summer shrimp and Maine
surveys; the model did not converge well, but did produce similar parameter estimates and
slightly lower biomass trajectories. The third alternative run included the preliminary estimate
of 1997 landings (6,500 mt); parameter estimates and trajectories did not change from the base
run, and F,, increased to 2.5. The original run, with three series of survey indices and 1968-1996
landings, was accepted as the best configuration.

BIOLOGICAL REFERENCE POINTS
Yield per recruit (Thompson and Bell 1934) and percent maximum spawning potential (Gabriel
et al. 1989) were estimated for the Gulf of Maine northern shrimp fishery (Table 9, Figure 21).
Yield and egg production were derived as a function of abundance at the time of spawning (i.e.,
abundance at the start of the year, approximately February 1) to reflect size and weight at age
during spawning and the fishery. The model assumes annual growth and ontogenetic transition
occur before oviposition and the onset of the fishing season. As described above, M was
assumed to be 0.25 (Rinalde 1973). Length at age was estimated using the vonBertalanffy
growth parameters L.=35.2 mm and K=0.36 (McInnes 1986). Proportion female at the time of
hatch was the average of 1984-1996 observed sex ratios at length from the summer survey,
applied to a carapace length which was increased by a half-year of growth using equation (2).
Selectivity at size was estimated using the selectivity curve from Schick and Brown (1997),
described above. Mean weight at length for males and females was estimated using relationships
developed by Haynes and Wigley (1969). Estimates of fecundity at oblique CL were from a
linear relationship developed by Apollonio et al. (1984).
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Yield per recruit was maximized at F=0.77 (F ,.) (Table 9). The increase in yield per unit F
decreased to one tenth the initial increase at F=0.46 (F,,). Maximum spawning potential (i.e.,
with no F) was 2,395 eggs per recruit. Spawning potential was reduced by half at F=0.25 (F;y,)-

Information from the stock collapse in the 1970s may provide guidance on the level of
sustainable F for Gulf of Maine northern shrimp. Biomass indices from the Maine survey and
the biomass dynamics model suggest that biomass was declining as early as 1968. Log catch
ratios of assumed age-2+ shrimp from survey length frequencies suggested that FF was 0.7 to 0.8
from 1968 to 1970, and continued annual harvests of over 5,000 mt drove F to an annual average
of 1.6 from 1971 to 1975 (Clark and Anthony 1980). Estimates of F from the first several years
of the production model (e.g., 1968-1972) are imprecise and are not considered reliable (Prager
1994, 1995), but F estimates for 1973-1975 ranged from 0.6 to 1.1 (Figure 19). According to the
present egg production per recruit analysis and historical F estimates, the stock was not replacing
itself when spawning potential was reduced to less than 18% of maximum, and the stock
collapsed when egg production was reduced further. Therefore, F,, may be an appropriate
overfishing threshold, which would result in target Fs well below 0.6.

Reproductive success for Gulf of Maine northern shrimp is influenced by population fecundity
and spring seawater temperature (Richards et al. 1996, Richards and Clark 1996). Landings are
also correlated to lagged population fecundity (Stickney 1980, Richards et al. 1996). Although
temperature conditions affect survival and growth during early life history, the shrimp survey
index of age-1.5 shrimp biomass is significantly correlated to the biomass index of females from
two years previous (r=0.6; Figure 22). A survey index of egg production, derived as the sum of
catch per tow of females at length multiplied by fecundity at length (Apoilonio et al. 1984), had a
similar relationship to recruitment. The two dominant cohorts in the time series were produced
when spawning stock biomass was among the highest levels in the time series. When spawning
stock indices were greater than 6 kg/tow, two of four dominant cohorts were produced. These
relationships suggest that poor recruitment is more likely at low levels of spawning stock
biomass and egg production, and adequate egg production per recruit should be conserved. The
1996 spawning stock index was 3 kg/tow; all cohorts produced by spawning indices of 3kg/tow
or less were below average.

Survey indices of egg production, recruitment, and spawning biomass (Figure 22), and historical
estimates of spawners and recruits (Richards et al. 1996, Richards and Clark 1996) suggested
that at median survival rates, greater than 50% of maximum spawning potential was needed to
replace the stock. Provisional F_, estimates (Sissenwine and Shepherd 1987, Gabriel et al.
1989) averaged 0.20 (0.10 based on eggs/recruit, 0.16 based on spawning biomass/recruit, and
0.35 based on the extended series of spawners/recruit), which is similar to Fygy. However,
survival ratios and estimates of F ., may be underestimated, because partial selectivity of recruits
to the survey was not accounted for.
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DISCUSSION
It appears that the high F in 1996 was the result of a large removal from a low stock size and an
increase in catchability. This interpretation is based on patterns in catch, effort, and survey
indices. Landings and effort increased sharply in 1995 and continued to increase in 1996
(Figures 1 and 5), but F increased moderately in 1995 and substantially in 1996 (Figure 14).
Survey indices of abundance increased in 1995 then declined in 1996 (Figure 13). Catch per unit
effort has steadily increased since 1993 (Figure 5).

Updating the analysis with 1997 catch and survey information may change the estimates of
abundance and F in 1996. However, given the magnitude of past measurement errors in survey
indices and the large catch in 1996, it is unlikely that revised estimates of F,¢ will be
substantially lower.

Recent temperatures in the Gulf of Maine, as illustrated by Boothbay Harbor observations, were
well above average in 1996, Correlation analyses indicate that, although spawning stock is the
principal determinant of year class strength, larval survival is reduced at high temperatures
(Richards et al. 1996, Richards and Clark 1996). It was also reported that catchability decreased
in 1997 due to high winter témperatures. At high temperatures and low stock sizes, the
probability of a strong year class may be poor in the near future. Under conditions of high
temperature, the risk of stock collapse at high F is greater.

Yield per recruit reference points (F .., Fo )} may be too high to use as overfishing thresholds,
and spawner-recruit information is too preliminary to use for determining the level of F which
will provide adequate stock replacement. The 1985-1995 mean F (0.36) produced relatively
stable stock sizes. AnF of 0.36, which corresponds to 38% of maximum egg production per
recruit and is slightly below F; |, may be an appropriate interim management target pending more
definitive analyses
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Figure 1. Gulf of Maine northern shrimp landings by fishing season (August to July).
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Figure 7. State of Maine summer survey fixed station locations.



Figure 8. NEFSC groundfish survey strata. Catches from shaded strata are
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Figure 9. Gulf of Maine northern shrimp summer survey strata. Catches from
shaded strata are included in the assessment.

-



I (+/-28SE) —untransformed -+Ln transformed
6.0 -

5.0

4.0

3.0

Mean Number per Tow

2.0

1.0

00 - v T T T T i T T T T T T T 1
1983 1985 1987 1989 1991 1993 1995 1997
Year

Figure 10. Gulf of Maine northern shrimp summer survey indices of abundance.



200 Bl ale [ Ifemale1 __1female 2

= |y bsirgsleg

Mean Number per Tow

e lspalig—

—_
Q

15 20 25 30
Carapace Length (mm)
Figure 11. Gulf of Maine northern shrimp summer survey mean catch per tow by length

and developmental stage.



Mean Number per Tow

10 15 20 25 30

Carapace Length (mm)

Figure 11 (continued).

-
-



1. survey calch at length is multiplied by selectivity at length to
derive catch of fully-recruited shrimp at length.

S 50
& 40 -
£ a0 2
o
= -
Z 20 &
o
é 10
0
10 15 20 25 30
Carapace Length {mm) l Carapace Length {mm)
80 . 80
z Cfully-recruited 3
e 50 2 50
2 40 2 40
‘.g 30 _E:’ 30
5 £
=z 20 2 20
§ §
g 10 g 10
i S e, m S 0
10 15 20 25 30 ) 10 15 20 25 30
Carapagce Length {mm} ) Carapace Length (mm)
2. Selectivity is increased according to one year of growth using a 3. the remaining catch at length is multiplied by the adjusted
vonBertalanffy equation. selectivity at length to derive catch of recruits at length.
1
E
£ 0.8
£ £ o0
S =
g %83 0.4
| V]
E — ().2
0 ————r O — {) e ey
10 15 20 25 30 10 15 20 25 30
Carapace Length (mm) Carapace Length (mm)
» it s - it
= 2 -
3 s recruits E s pre-recruits
- g 40
(1] 1]
o] 2
g g 30
= Z 20
= =
o o
1
g g
R ™ 0
10 15 20 25 30 10 15 20 25 30
Carapace Length (mm) Carapace Length (mm)

Figure 12. The "selectivity" method of deriving indices of abundance for
fully-recruited and recruit Gulf of Maine northern shrimp from summer survey length
frequenciés (example used is 1996).




1000 - spredicted ® observed 2

- z
g 800; g
£ 3
=3
3 600 2
g D
£ & ¢
=3 ke
[ 400 o
E 1 3
b= &
I 1 [ ] 4 -1
d:8 200 g
17}
0 T ——— T ——— B e s
1984 1986 1988 1990 1992 1994 1996 1984 1986 1988 1990 1992 1594 1996
Survey Year Survey Year -
1000 1 mpredicted @ ocbserved 2-.
o ®

£ ° 2
£ 8007 ° 2 4]
*® = ]
]
-3 3
% a
T £ 01
2 o
S 400 8
g ] ® k=i
< 200 3
= -4 c
3 1 3
e ] K7
0 T T v T T T T T L T ™ '2 T T T T T v T T T T T —
1984 1986 1988 1990 1992 1994 1996 1984 1986 1588 1990 1992 1984 1996
Survey Year Survey Year
1000 - mpredicied @ calculated 21

Fuily Recrulted Index (#/tow)
Standardized Residual (Ncalc)
o

0 L) T T v 1 v L) b | -2 ] ¥ L) M T h L) A T M T v T
1984 1986 1988 1990 1992 1994 1995 1984 1986 1988 1990 1992 1994 1996
Survey Year Survey Year

Figure 13. Summary of results from DeLury analysis of Gulf of Maine northern shrimp.



Instantaneous Fishing Mortality

Probability

1.2
1.0
0.8
0.6 -
0.4-
0.2
0.0 1+

1985

1987

v

1989 1991

Fishing Season

1993 1995

Figure 14. Fishing mortality estimates for Gulf of Maine northern shrimp catch,
least-squares estimates, bootstrapped mean, and 80% confidence limits.

0.15-

0.10 |

0.05 -

0.00 -

80% confidence

0 02 04 06 08 1 12 14
Fishing Mortality (Fn+r)

1.0
"
0
0

0.2

-0.0

Anjigeqoid aaneinwing

Figure 15. Bootstrapped DeLuyry estimates of fishing mortality for the 1996
fishing season (i.e. 1995 survey year) for Guif of Maine northern shrimp.



Sensitivity Run
== Base Run -+ M=0.35
-+ 1996 retention < Untransformed
+=S5r=0.9 = Sr=1.0
-+ weighted

) 0.00 { ' i ' T T ! ! 1 T i 1

1985 1987 1989 1991 1993 1995
Fishing Season

Figure 16. Total mortality estimates from sensitivity analysis of Gulf of Maine northern shrimp.

Total IVIortaIity Estimate (Zn+r)

4+ i

c ]

S 1.00

o :

8

£ 0757

2] .

L |

% 0.50 L

5 : Terminal Year
= 027 —06 +95 +94 %93 =02
S ool +91 490 =89 +88

1985 1987 1 989 1 991 1 993 1995

Fishing Season
Figure 17. Retrospective DeLury estimates of total mortality for Gulf of Maine northern shrimp.



Autumn Survey index (kg/tow)

Maine Survey Index (kg/tow)

Shrimp Survey Index (kg/tow)

5 - mpredicted @ observed
4
34
2
1]
0 e ——r—— Pt
1865 1970 1975 1980 1985 1880 1995
Survey Year
50 - mpredicted @ observed
] L
40 L
30y @
20
10 ®
01,...,.. T oyt
1865 1970 1975 1980 1985 1990 1995
Survey Year
25 mpredicted @ observed
20 °
] ® ..
15 o I
10 hd
J m Y
5
oS
1965 1970 1975 1980 1985 1990 1595

Survey Year

Maine Survey Std. Residual Autumn Survey Std. Residual

Shrimp Survey Std. Residual

R i Meatananat m o SRR S
1965 1970 1975 1980 1985 1890 1995
Survey Year

22— R — W
1865 1970 1975 1980 1985 1990 1995
Survey Year

1]

I A —
1565 1970 1975 1980 1985 1980 1995
Survey Year

Figure 18. Summary of results-from ASPIC analysis of Gulf of Maine northern
shrimp biomass dynamics.




1.2 1 — Delury -e-biomass dynamics

Fishing Mortality

O:f"'r" L B L T B B B S AL S
1970 1975 1980 1985 1990 1995 2000

Fishing Season
-=Delury -e-biomass dynamics

= = NN W
. O O O O O O
_1_1.1 I ). 1 I 14 1 1 l i ) I L1 1 1 l 1 .1 1J

Stock Biomass (thousand mt)

1970 1975 1980 1985 1990 1995 2000
| Fishing Season

Figure 19. Estimates of fishing mortality (above) and stock biomass (below) for Gulf of Maine
northern shrimp from DeLury analysis and biomass dynamics modeling.



Yield (thousand mt) Biomass (thousand mt)

Yield (thousand mt)

70
60 #-predicted trajectory

== equilibrium

50 68

0 0.2 0.4 0.6 0.8 1 1.2

Fishing Mortality

14
12
10

ON DO ®

T . T T T T T T 1 T T L T T T T T T
0 0.2 0.4 0.6 0.8 1 1.2
Fishing Mortality

14
12
10

o N B GG O

i E 1 L L] T ¥ T 1 T 1

0 10 20 30 40 50 60 70

Stock Biomass (thousand mt)

o

Figure 20. Biomass dynamics of Gulf of Maine northern shrimp.



Yield per Recruit (g)

] Yield per Recruit
4]
3
9

Z Eggs per Recruit
1 .

F50% FO0.1 F20% Fmax

0 v Y4y , R

~—100
:80
:~40

- 20

0 02 04 06 08 1 12 1

Fishing Mortality

4

Figure 21. Yield and egg production per recruit for Guif of Maine

northern shrimp.

("Xew Jo o) unioay iad sbH3



Recruitment Index (#/tow)

Recruitment Index (#/tow)

1000 -

] 87
800 - 92 °
600 -

] 90
400 93

) 94

’ . 85 ° ® 8.6

] 89

0 1 r |

0 2 4 6 8

Spawning Stock Biomass Index (kg/tow)
1000 -

) 87
800 - 92 ¢
600 1

] 90
400 - o3

: 9.4 85 . o 8.6
200_: o 88 91

] 8.9

0 — 1 r . T T o r o TrT T o

0 200 400 600 800 1000 1200

Egg Production Index (thousands)

Figure 22. Relationships between summer survey indices of Gulf of Maine northern
shrimp female biomass the summer before spawning and survey egg production index
to age-1.5 abundance two years later. Data labels indicate year of spawn.
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APPENDIX A: MODIFIED DELURY ANALYSIS

DELURY v2,0 Oct94 Run Number 104 1897 1 28 9 22 34
Northern Sarimp

The NEFSC summer shrimp survey was used Yo measure abundance of
recruits and fully-recruited shrimp at the beginning of the fishery
season (generally December to April or May). A& selectivity ogive
derived by Schick & Brown (1997) and a growth curve from McInnes
11986) was used to derive indices of recruifs and fully-

recruited freom survey length frequencies.

INPUT PARAMETERS AND OPTIONS 3ELECTED

Input data and opticns read from file: R104.DAT
Data used ip fitting the model:

The survey provides indices of abundance for recruit and fully-recruited
numbers at a point 0% into the survey year.
The catch is taken a at point 50% into the survey vear.

Matural mortality is 0,25

SURVEY -- INDICES OF ABUWDANCE -- TOTAL CATCH
YEAR RECRUITS FULLY-RECRUITED {millions)
15584 447.6000 479.1000 352.783000
1985 619.5000 825.4000 361.171000
1986 533.4000 848.7000 425.294000
1987 436.3000 683.6000 228.434000
1988 459.9000 387.9000 283.647000
1989 T00.7000 817.5000 442,429000
1990 511.6000 907.7000 320.280000
1891 374,1000 611.9000 262.434000
1882 - 313.6000 444.4000 154.788000
1983 410.0000 320.6000 270.406000
1994 368.7000 364.4000 . 604.137000
1985 485.9000 653.14000 799.368000
1996 257.7Q000 348.6000

Geometric mean number per tow in assessment strata (1, 3, 5-8).

Mote that the recruit abundance index for the

last year is NOT used in the least squares estimation.
It is, however, used in conjunction with the least
squares estimate of 9 _n and the selectivity of the
recruits to calculate recruit population size in 1996
{see RESULTS section}.

MEAN WEIGHT ({kg) AT THE TIME OF THE SURVEY

SURVEY RECRUITS FULLY-
YEAR RECRUITED
1684 0.006 0.008
1885 0.008 0.009
1386 0.007 ¢.010
1587 0.007 0.010
1988 0.005 0.009
1986 0.007 0.009
1990 0.008 g.010
1991 0.007 0.011
1882 0.007 0.010
1883 0.003 0.008
1994 0.Q06 0.008
1595 0.007 0.010
1996 0.007 - 0.010
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SELECTIVITY OF RECRUITS TO THE SURVEY GEAR

Selectivity of the recruits (relative top the fully-recruited animals!
to the survey gear is set at:

19684 0.8000
1985 0.2000
1986 0.90C00
1987 1.4000
1988 0.7000
1589 0.8000
1290 1.0000
1991 1.0000
1992 1.0000
1993 1.0000
1994 0.804Q0
1995 1. 0000
1956 0.9000

PARTIAL RECRUITMENT (OF RECRUIT3} TO THE COMMERCIAL FISHERY

A survey year (S8Y) is the period between successive annual surveys.
Partial recruitment (PR} of the recruits to the commercial fishery
is a function of month during the survay year. As animals grow in
size, partial recruitment increases, eventually reaching 1.0 at the
end cf each survey year. The PR function may vary over S¥s due to
changes in regulations and/or unusually small (or large) mean size
of the recruits. The following table gives the input PR functions
for each survey vyear. The rows of the table represent the percent
of the SY completed, e.g. 0 represents the beginning of the SY

and 100 (**) represents the end of the SY. The annual average
partial recruitment (shown after this table} results from integrating
the annual PR functions with respect to time during the SY.

PARTIAL RECRUITMENT DURING EACH SURVEY YEAR

B 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 15%4 1995 1996
o
g m 0,00 0.00 0.00 C.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0C 0.00 0.00
25 m Q.36 0.36 0.36 0.36 0.36 0.36 0.36 0,36 0.36 0.36 0.36 0.36 0.386
33 0% 0.45 0.49 0.49 C.49% 0.49 0.49 0.49 0.492 0,49 0.49 0.49 0.49 0.49
50 ® 0.55 0.55 0.55 0.55 0.55 0.5% 0.535 ©.55 0,55 0.55 0.55 0.55 (.55
58 ® 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 C.61
*~ & 1.00 1.00 1.00 2.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.0C0

AVERAGE PARTIAL RECEUTTMENT QF RECRUITS TQ THE COMMERCIAL FISHERY

Survey Averags Par--al
Year Regruitmens
1984 0.552
1985 0.552
1986 0.352
1987 0.552
1988 0.552
1989 0.352
1990 0.552
1991 0.552
1992 0.552
1993 0.552
1984 0.552
1995 0.552
19986 0.552
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OTHER INPUT DATA AND OPTICNS

Measurement error in the abundance indices for both the recruits
and the fully-recruited is assumed to be lognormally distributed.
Process error is assumed to follow a lognormal distribution.

The input objective function weights are normalized (30 that they will
sum to 1.0} prior to their use in the estimation. Both the original
input weights and the normalized weights are given below. The sguare
roct of the normalized weilghts is printed in the residual tables near
the end of the RESULTS section (under the heading "WEIGHT") .

-~ ORIGINAL INPUT WEIGHTS -- ---- NORMALIZED WEIGHTS --—-—
YEAR Measurement Erroxr Process Measurement Error Process

n Index r Index Error n Index r Index Error
1984 1.000c0 1.0000 -999.0000 0.0270 0.0270 -989.0000
1985 1.0000 1.0000 1.0000 0.0270 0.0270 0.0270
1986 1.0000 1.0000 1.0000 0.0270 0.0270 0.0270
1987 1.0000 1.0000 1.0000 0.0270 £.0270 0.0270
1988 1.0000 1.0000 1.0000 0.0270 ¢.0270 0.0270
1989 1.0000 1.0000 1.0000 0.0270 0.0270 0.0270
1990 1.0000 1.0000 1.0000 0.027¢ 0.0270 0.0270
1991 1.0000 1.0000 1.0000 0.0270 0.0270 0.0270
1992 1.0000 1.0000 1.0000 0.0270 0.0270 0.0270¢
19¢3 1.0000 1.0000 1.90000 0.0270 0.0270 0.0270
1994 1.0000 1.0000 1.0000 0.0270 0.0270 0.0270C
1995 1.0000 1.0000 1.0000C 0.0270 0.0270 0.0270
1996 1.0000 -$99.0000 1.0000 0.0270 -989.0000 0.0270

-999 indicates that no weighting is used for that year-error type combination

Initial estimates of parameters for the Margquardt algorithm
and lower and upper bounds on the parameter estimates:

Parameter Initial Est Lower Bnd Upper Bnd
L n 2+ 13884 4,7%10000E2 1.0000000E-10 1.0000000E86
2 n 2+ 198% 9.2540000E2 1.00C0000E~10 1.0000000E®
3 n 2+ 1986 8.4870000E2 1.0000000E-10 1.0000000ES
4 n 2+ 1987 6.9360000E2 1.0000000E-1C 1.000C000ES
5 n 2+ 1988 3.8790000E2 1.00000Q0E-10 1.0000000E6
6 n 2+ 1989 8.17500C0E2 1.0600000E-1C 1.0000000E6
7 n 2+ 1990 9.0770000E2 1.0000000E~10 1.00Q00000QE6
8 n 2+ 1991 6.1130000E2 1.0000000E=-10 1.0000000E6
9 n 2+ 1992 4,4440000E2 1.0000000E-10 1.000000CE6
10 n 2+ 1993 3.2060000E2 1.0000000E-10 1.000000QE6
11 n 2+ 1994 3.6440000E2 1.00000G0E-10 1.000QQ0CESR
12 n 2+ 1995 6.5310000E2 1.000000CE-1Q0 1.000000CE6
13 n 2+ 1996 3.4860000E2 1.0000000E-10 1.0000000EE
14 r 1 1984 4.4760000E2 1.000C000E-10 1.0000000QE6
15 r 1 1985 6.1950C00E2 1.0000000E-10 1.0000C00EG
16 r 1l 1986 5.3340000E2 1.0000000E-10 1.00000CQE6
17 r 1 1887 4.,3630Q0082 1.0000000E-10 1.0000000E6
18 rl1l 1988 4.59%0C00E2 1.0000000E-1C 1.00000QC0ES
15 r 1 1%89 7.0070000E2 1.0000000E-10 1.0000000E&
20 r 1 1%%0 5.1160000E2 1.0000C00E-10 1.000C00CES
21 r 1 1891 3.7410000E2 1.0000000E-10 1.0000000E6
22 r 1l 1982 3.1360000E2 1.0000000E-10 1.0Q0000CEE
23 rl 1983 4.1000000E2 1.0000000E~10 1.0000000E6
24 rl 1994 3.6870000E2 1.00000C0E-10 1.Q00CO00E6
25 r 1 1995 4.8590000E2 1.00C0000E~20 1.0000000E8
26 Surv ¢ n 1.0000000E-3 1.000000C0E-10 1.0000CGOE3
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BEGIN MARQUARDT ALGORITHM

LAMEDA 1.00000E-2
RSS §8.87361E-2
NPHI 8.87361E-2
par
4.79100E2 9.25400E2
1750082 9.07700E2
.54400E2 6.5310CE2
5.33400E2 4.36300E2
3.74100E2 3.13600E2
1.00000E-3
LEMBDA 1.00000E-3
RSS 6.41800E-2
NEHI 6.41800E-2
par
5.28746E2 7.00982E2
46739E2 B8.37549E2
.16014E2 4.5357%E2
4.99310E2 3.89859E2
3.44477E2 2.8857SE2
8,79368E-1
LAMBDA 1.00000E-4
RSS 2.44478E-2
NPHI 2.44478E-2
par
5.43296E2 7.44068E2
54609E2 8.11555RK2
L45171E2 5.26186E2
4.,8%0055E2 3.88328E2
3.40648E2 2.87800E2
7.737438-1
LAMBDA 1.00000E-5
R3S 2.03280QE-2
NPHI 2.03280E-2
par
5.36195E2 7.44448E2
57491E2 8.,1821382
.45679E2 5.45181E2
4.87055E2 3.85302E2
3.37817E2 2.85261E2
7.152235=1
LAMBDA 1.00C00E-5
RSS3 2.02776E-2
NPHI 2.02776E-2
par
5.349¢6ER2 7.44542E2
5844%5E2 8.20353E2
.44642E2 5.44801E2
4.97991E2 3.86358E2
3.38623E2 2.85702E2
7.09194g-1
LAMBDA 1.00000E-5
RSS 2.02775E-2
NEEI 2.02775E-2
par
5.348%7E2 7.44618E2
58607E2 9.20703E2
.44855E2 5.44376E2
4.88051E2 3.86426E2
3.38670E2 2.85725E2
7.08080E~1

8.48700E2
6.11900E2
3.48600E2
4,59900E2
4,10000E2

9.18679E2
€.61317E2
3.58103E2
4.76452E2
4.06553E2

7.97322E2
6.28335E2
3.50931E2
4.72216E2
4.14640E82

8.01315E2
6.34646E2
3.39044E2
4.67287E2
4.07955E2

8.02827E2
6.36488E2
3.34938E2
4,66B807E2
4.06942E2

8.03092E2
6.36793E2
3.35003E2
4.66721E2
4.06893E2

6.93600E2
4.4440082

4.

47600E2

7.00700E2

3.68700E2

6.83835E2
4.8656952
4.95742E2
6.81047E2

4.2861782

6.52641E2
4.70175E2

5

.10223E2

6.69304E2

4.83716E2

6.61633E2
4.74801E2

5

6.6
4.
5

6.6
4.

.0339CE2
6.64307E2
4.80187E2

3376E2
75981E2
.02198E2
6.64934E2
4.75038E2

3718E2
76188E2

5.02084E2

6.649353E2
4,74219E2

RELATIVE CHANGE IN RESIDUAL SUM OF SQUARES LESS THAN 0.00001

W
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3.87900E2
3.20600E2
6.19500E2
5.11600E2
4.85900E2

5.02620E2
3.8031782
6.04650E2
4.72699E2
4.8Q022482

5.08961E82
3.84975E2
5.94152E2
4.63189E2
4.74288E2

5.1342182
3.86968E2
5.91720E2
4.60704E2
5.06160E2

5.1449382
3.87337E2
5.92156E2
4.61753E2
5.10776E2

5.14654E2
3.87458E2
5.92158E2
4.61825E2
5.10363E2

7.

4

7.

4



RESULTS3

APPROXIMATE STATISTICS ASSUMING LINEARITY MEAR SOLUTION

SUM OF SQUARES
ORTHOGONALITY OFFSET

MEAN SQUARFE RESIDUALS .......

' PARAMETER

Ol Oy U e LR

CORRELATICN BETWEEN PA

2+
2+
2+
2+

—
o

T T T o B A o A B o B = e I = I o B & I e B = s i (e I =
[ys]
+

LA S T o T T T B T TN o B SO T T = = = = R o T = S » i < (< B o B o B
[yv]
+
i
=)
W
(=)}

1984 *
1985 ., *
1986
1987
1988 .
1988 .
1990

- 1991

1992
1933
1964
19585
1986 .
1984
1985
1986
1987
1988 . .
1989 . .
1590 .
1991 .
1992
1933

. 3485782
. 4461882
.03082E2
.63715E2
-148654E2
.58607E2
.20703E2
-36793E2
-761B8E2
.87458E2
.44855E2
.44376E2
.35003E2
.02054E2
.92158E2
-88051E2
.36426E2
.B6721E2
.64953E2
.61B25E2
.38670E2
.85725E2
.06883E2
.74219E2
.10365E2
.08080E-1

S E N WwE AW WE MW e W@~y Wn

= LARGE NEGATIVE CCRRELATICN

0.020277
0.002917
0.001843

L29231E2
.4B8478E2
L52303E2
L27B26E2
LQZ0435E2
.48360E2
.55602E2
.18987E2
.03861E1L
.54488BE1
L73394E1
.04771E2
.30584E1
.20346E2
.44336E2
L20821E2
.73938E1
.10412E2
.59917E2
L16177E2
.54134E1
.17420E1
.75734E1
.09887E2
L22495E2
.45242E-1

HHPW-20OF PO P P00 e e e

whenever

- MODERATE NEGATIVE CCRRELATION whenever
. SMALL CORRELATION
+ MODERATE POSITIVE CORRELATION whenever

* LARGE POSITIVE CORRELATION
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whenaver
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Where r is the estimated correlation, M is 0.4 and L is 0.8
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. 18588E0
.03334E0
.17175EQ
.10264E0
.03944EQ
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E RS S EAEBEFNRSNMEEEEESENNEREENEN+@

+

CORRELATION BETWEEN PARAMETERS ESTIMATED

2 3 4 5 5 7 g
o.28 0.07 0.0l 0,00 .00 0.00 .00
1.00 0,26 0.08 0,01 0.91 0.00 ©.00
0.26 1.00 ©.30 0,10 0.02 0.0l 0.90
n.o8 4.3¢ 1.00 0.32 9,96 0,02 0,01
$.03 0.0 0.32 1.00 0.20 0.05 0.02
0.01 D0.02 0.06 0.20 1,00 0.24 0.97
9.00 5.01 0.02 0.05 G.24 1.00 0,31
2.00 0.00 0,81 ©0.02 ©0.07 0.31 1.00
5,00 ©.06 6.0l 0,01 ©0.02 0,10 6.32
.50 9,00 ©.00 ©.00 0.01 0.03 0,10
9.60 9.00 -0.01 Q.00 ©.00 0.00 ©.02
0.00 0.00 -0.01 -0.01 0,00 0.00 €.00
9.51 0.0r 2.03 9.03 0.01 0.01 0.0
9,30 0.07 .91 0.0 0,00 0,00 0,00

-g.1s 0.28 0.97 0.02 0.00 0.00 ©.00
-0.04 —0.16 0.24 0.07 0.01 0.00 0.00
-0.01 -0.04¢ -0.13 0.22 0,04 0,01 0.00
~3.0% -0.02 -0.05 -0.14 ©0.3% 0.08 0.02
¢.00 ~0.01 -0.02 -0.04 -0.16 0.30 0.03
0.00 0.00 -0.0l -0.91 -0.04 -0.14 0,21
0.00 0,00 -0.0L -0.01 -0.01 -0.95 -0.14
9,00 0.00 -0.01 -0,01 -2,01 -0.02 -0,05
~0,01 0.00 -0.02 -0,0] ~0.01 =8.0L -0.02
-0.02 -0.01 -0.04 ~0.03 -0,01 -0.02 -0,02
-0,02 -0,01 ~0.04 -0,03 -0,0F -0.02 -0.92
-0.04 -0,03 -0.29 -0,0B -0.03 -0.04 -0.03
14 15 15 17 18 18 20
-0.19 -0,03 0.0& 0,00 0.31 0.01 0.0l
0.30 -0,16 -0.04 -0.01 -0.21 0.00 0.00
0.57 0.28 -0.16 -0.04 -D.52 -0.01 0,900
0.0t ©0.07 0.24 -0.13 -0.0§ -0.02 -0,01
0.60 0.02 0,07 0.22 -0,14 -0.04 -0,01
0.00 0.00 0.0l 0,04 0.34 -0.16 -0.04
0.00 0,06 0.00 0.01 0.08 0,30 -0.14
0,00 ©0.00 6.00 0,00 ©.02 0.09 A.2%
0.00 0,00 0.00 0.00 0.00 0.02 0.06
5.00 0,00 0.00 0.00 ©0.08 0.0L D.02
0.01 0.01 8.01 0.00 0.0l 0.01 0,01
0.01 9.00 0.0l 0.0t 0.01 ©0.01 0,01
-0,03 -0.03 -0,03 -0,02 -0.03 -0.04 -0.03
1.00 -0.04 ©,00 0,00 0.01 ©.01 0.01
-d.,04 1,80 -0.04 ©,00 0.81 0.01 0.01
0.00 -0,04 1.00 -0,03 0.00 D0.0¢ 0.01
5.00 0,00 -0.63 1.00 -0,02 0.00 0.00
0.01 ©0.01 ©.00 -0.02 1.00 -0.04 0.G0
0.01 0.01 ©.01 0.00 -0.04 1.49 -0,03
0.91 0.091 0,01 0,00 0.00 -0.03 1.08
0,01 0,01 0.01 0,00 0.00 0.00 -8.02
0.91 0,01 9.0l 0,01 0.0l 0.0l 0.00
0.02 0.02 0.02 ©0.01 0.02 0.02 0,01
0.04 .04 0.04 0,03 0.04 ©.05 0.03
.04 0.04 0.04 0.03 0.04 0.05 0.03
6.l0 0.10 ©0,1¢ 0,06 0.10 0.11 0.908
26
0.09
-0.04
-0.03
-0,09
-0.08
-0.03
-0.04
-0.03
-0.05
-0.02
¢.08
0.11
-0.34
0.10
0.10
0.10
0.06
0.10
0.11
0.08
0.08
0.08
0,138
0.42
0,43
1.00

9

0.00
0.00
0.00
-0.02
1.00
~0.02
0.00
0.03
0.03
0.08

Ab

-0.01
1.00
0.05
0.42



MORTALITY RATES (between surveys)

SURVEY STCCK SIZE ESTIMATES 4 13 F
YEAR tmillions at time of survey} on sizes on size on sizes
RECRUITS FULLY-RECRUITED 1+ 1 2+
1984 787.817 755.363 (.38 0.10 0.17
1385 929,208 1051.603 0.56 0.21 0.39
18856 765.845 1134.184 0.71 G.31 0.58
1987 545.737 , 937.345 0.71 0.31 0.55
19838 241,622 726.830 .44 0.14 0.25
1989 1043.437 1071.358 0.60 0.2% 0.45
1990 652,222 1156.054 0.70 0.30 0.354
15891 478.293 899.324 0.72 0.31 0.55
1992 403,521 672.507 0.68 0.28 0.51
1993 574.643 547,195 0.58 0.24 0.43
1994 837.157 628.256 0.65 0.29 0.53
1955 720.773 768.806 1.15 0.63 1.15
1996 404, 380 473,115
RECRUITS = SIZECLASS 1 FULLY-RECRUITED = SIZECLASS 2+
Note that the recruit population estimate for the last year (1996)
is NOT a least sguares estimate. It is calculated from the observed
survey index, the least sguares estimate of ¢, and the s_r.
~--- BIOMASS ESTIMATES {(at time of the survey) ——=-
SURVEY {1000 mt) CATCH BIOMASS
YEAR RECRUITS FULLY- TOTAL EXPLOITED DURING YEAR
RECRUITED BIOMASS BIOMASS (1000 mt}
1984 5.041 6.169 11.210 8,951 4,132
1985 6.973 5,879 16.852 13.727 4.635
1986 5.499 11.682 17.181 14.717 5.266
1987 3.954 9.608 13.562 11.780Q 3.036
1988 4,594 6.243 10.837 8,778 3.315
1989 6,923 9.107 16.030 12.927 4.665
1990 5.378 11.706 17.084 14.674 3.571
1991 3.212 9.839 13.050 11.611 3.443
1952 2.6533 6.893 9,546 o 8.357 2.142
1993 2.670 4,526 7.196 6,000 2.915
1994 4.874 5.206 10.080 7.896 6.378
1995 4.878 7.311 12.189 10.003 9.166
1396 2.657 1.644 7.301 6.110
SURVEY ~  =-we——————— e 1000 Metric Tonsg —————==-——-——-
YEAR EXPLOITED DELTA B CATCH SURPLUS PROD-BIOMASS
BIOMASS PRODUCTION RATIO
1584 §.951 4,776 4,132 §8.908 0.9851
1985 13.727 0.9%90 4.635 5.625 C.40688
1986 14.717 -2.927 5.266 2.339 0.15%0
1987 11,780 -3.012 3.036 0.024 0.0020
1988 3.778 4.149 3.3158 7.465 0.8503
1989 12.927 1.747 4,665 6.412 0.4960
1990 14.674 -3.063 3.571 0.508 0.0348
19891 il.6l1 -3.254 3.443 0.18% 0.01863
1992 8.357 -2.358 2.142 -0.215 -0.0258
1993 5.000 1.897 2.815 4.811 0.8020
1994 7.896 2.107 6.378 8.485 1.0745%
1995 10.003 -3.893 5.166 5.273 0.5272
1996 6.110

The SURPLUS PRODUCTICON table, above, assumes that DELTA B over the course
of a survey year can be approximated by differencing the successive
EXPLOITED BIOMASS estimates at time of the survey. More specifically,
this assumes that the change in EXPLOITED BIOMASS between Jan 1 and

the time of the survey is constant in successive years. Note also that
the PRODUCTION-BIOMASS RATIO is with respect to exploited biomass at time
of the survey.
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SUMMARY OF RESIDUALS FROM THE FITTED MODEL

MEASUREMENT ERROR -- Fully-recruited index with lognormal errors

ERROR TERM

2+
2+
2+
2+
2+
2+
2+
2+
2+
2+
2+
2+
2+
uM

mMppEopBngdEgpgSsood

1984
1885
1986
1887
14988
1589
1990
1981
1962
19683
1954
1995
1996

COBSERVED

479,
925.
348.
693.
387,
817.
307.
611.
444,
329.
364.
653.
348,

1000
4000
7000
6000
3000
5000
7000
8000
4000
6000
4000
1000
000

FREDICTED

534.
744,
BO3.
663.
514,
758,
B20.
638.
476,
387,
444,
544,
335,

MEASUREMENT ERROR -- Recruit

E
T
T
T
r
r
r
r
r
r
b3
r
o
S

%rAP‘HOAFJHIJFAHrAkJH

RROR TERM

1984
1985
1986
1987
1988
1389
1990
1891
1992
1593
1994
1995

OBSERVED

447,
619.
533,
436.
459.
700.
511.
374.
313.
410.
368.
485.

PROCESS ERROR —-

ERROR TERM CALCULATED
630.
866.
L0193

MOoDoPpEEEERYD
()
+

37 residual error terms
26 parameters estimated

1985
1986
1987
1988
1989
195G
1991
1962
1993
1294
1295
1396

782

675.
742,
88¢9.
798.
585.
471,
449.
430,
321,

6000
5000
4000
3000
2000
7000
6000
1000
6000
0000
7000
9000

8571
§185
0974
7147
6536
6070
7025
7932
1864
4579
8551
3759
0028

index with lognormal

PREDICTED

502.
5%2.
488,
3Bse.
4686.
664.
461.
338.
285,
406,
474.
510.

0536
1581
0511
4256
7206
5289
8250
6699
7254
8929
2180
3645

WEIGHT
L1644
L1644
L1644
L1644
L1644
L1644
L1844
L1644
L1644
L1644
L1644
L1644
L1644

Lo 20 e I o T T v 0 e B o B o DY 0 e B e e

WEIGHET
0.1644
1644
.1644
1644
L1644
.1644
,1644
1644
L1644
1644
. 1644
1644

OO0 oCOCOoOOOOOoO0

RESIDUAL
-0.
0.
.Q091
G.
-0.
0.
0.
-0,
-0.
-Q.
-0.
0.
0.
-0.

0

RESIDUAL
-0.
L0074
L0146
.0z20@
L0024
.0C86
L0168
.01le4
.0153
.0013
.0414
.0081
L0296

QOO COoOOC OO0

0igl
0357

oo72
0465
0123
0166
0066
0114
0311
0328
029¢%
0085
02%¢

errors

0189

Dalury equaticn with lognormal errors

5386
6362

1067
3283
7460
6912
7021
6603
6702
5841
9251

11 degrees of freedom

PREDICTED

T44.
803.
663.
514.
758,
§20.
636.
47¢.
387.
444,
544,
335.

6185
0924
7147
6536
6070
7025
7932
1884
4579
8551
3739
00z8

WEIGHT
0.1644
.1644
.1644
L1644
L1644
L1644
L1644

[on v e b o 3 v o B et B e Y s o

Time stamp at end of run 1997 1 28 9 22 38

RESIDUAL
-0.
0.
a.
0.
~0.
0.
a.
0368

0

0.
a.
-0.
.0065
0.1296

-0

A8

0273
0125
027¢
04486
Q035
0133
0372

0323
0018
0385

STD RES

-0.
0.
0.
0.

=%
0.
0.

-0.

-C.

~Q.

-0.
a.
a.

-0.

4215
8323
2115
1686
0826
2883
3858
1527
2645
7253
76389
6972
1523
6765

STD RES

-0C.

OO0 OO0OOOoOO0

43996

L1728
.3402
.4648
L0564
L2005
.3919
.3810C
.3564
.cz91
. 9637
.1881
.6891

STD RES

-0,

]
WoOoOCOOoOOOOoOOoOrroOo

6368

L2916
. 6281
L0301
.0805
.3092
.BE74
.8574
L7530
L0412
.8978
L1525
.0195

=

W

=

-3

b e OO OO0 A0 R

BOWOHMEOONOH W

o

WO R b W@ e -~k W ;W
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BCOTSTRAF TYPE : LOB
SO0TSTRAR
SEED FOR THE RANDOM NUMBER GENERATOR:

MAIWN LOOF LIMIT IN MARQUARDT ALGORITHM:
NUMBER

CLASS:

parametric conditional

NUMBER FOR WHICH NLLS CONVERGED: 200
Results from the converged replications are used for computing the

stavlstics that follow.

This bootstrap
This bootstrap

BOOTSTRAP QUTPUT VARIABLE:
Predicted indices of abundance for the fully-recruited animals for years
1984 1985 1986 1987 1988 1589 1990 1991 1992 1993 19%4 1995 1996

PARAMETER

2+
2+
2+

2+
2+
2+
2+
2+
2+
2+
2+
2+

Hepo2bopooopop

1984
1985
1986
1987
1588
1989
1990
1991
1992
1993
1994
1995
1996

PARAMETER

2+

2+
2+
2+
2+
2+
2+
2+
2+
2+

ja s s s Jha Blo B Ba B Bl gl Je o]

2+

PARAMETER

SR R I IR R S S
[§8]
+

1984
1385
1586
1887
1588
15889
15580
1881
1892
1983
1594
1995
1996

[l VR PR RN S IR PN U L B4 [ PR S S S P ]

.872E2
.628E2
L717E2
. 950E2
L 948K2
.B67E2
.G69E2
.794E2
.511E2
.909E2
.192E2
.645E2
.9B4E2

NLL3

ESTIMATE

.349E2
.446E2
.031EZ2
LB37E2
.147E2
.586EZ
. 2Q7E2
.368E2
.76ZEZ2
.875E2
.449E2
.444E2
.350E2

[FUNE) N UV R S Yo EN RNV s A R o IR RV |

MIN ;

[N I S W S T o S L B ) s A ) R

BIAS
ESTIMATE

.973E1
.654E1
.571EC
.829E1
.170E1
.059E1
.106E1
.230E1
.B39E1
.007E1
.476E1
.96lE1

n_hat

7

4747

30

SF BOOT3TRAP REPLICATIONI ATTEMPTED: 200

run finished running at timestamp:
run was started at tfimestamp:

BOOTSTRAP 'BOOTSTRAP
MEAN STD ERROR
5.546E2 8.041E1
7.081E2 L.00%E2
8,.087E2 1.063E2
7.030E2 8.241E1
£.063E2 7.847E1
7.892E2 9.749EL
8.318E2 1.022E2
5.791E2 8.025E1
5,226E2 6.,857E1
4.475E2 6.114E1
4.996E2 7.318E1
5.640E2 7.58981
3.436E2 6.820E1
-------------- PERCENTILES
10 25 MEDIAN
.612E2  5.008BE2  5.407E2
.821E2 5.325E2 7.098E2
LT31E2 7.484E2 B.108E2
.984E2 6.418E2  6.986E2
,173E2  5.529E2  6.007E2
.G49EZ  7.223E2  7.854E2
.085E2 7.551E2 B.234E2
.810EZ  6.213E2  6.706E2
.314E2  4.830E2  5.218E2
.757E2  4.08B6E2  4.455E2
.042E2 4.442E2 5.035E2
.758E2  5.090E2  5.566E2
L643E2  2.970E2  3.347E2
BIAS PERCENT
STD ERROR BIAS
5.686E0 3.6%
7.137E0 -4.91
7.518E0 0.69
5.827E0 5.92
5.549E0 17.82
6.8%4E0 4.03
T.225E0 1.35
5.675E0 6,64
4.84%E0 3,74
4.323E0 15.50
5.175EQ 12.31
5.368E0 3.60
4,823E0 2.58

Co = U O e e WD WL W

.637E0

BOOTSTRAP OUTPUT VARIABLE:

r_hat

Other replications are ignored.

1897 1 28 9 23 57 780
1997 1 28 9 22 41

WU -~ -0

A9

C.V. FOR
NLLS S50LN

L072E2
,T48E2
.T52E2
.605E2
.552E2
.485E2
.978E2
.372E2
.692E2
.B4%E2
.486E2
.594E2
.860E2

OO0OOCOOQOoOOCoCC oD
=
(S

.606E2
.396E2
.36BE2
L179E2
.094E2
L202E2
.57482
.860E2
.032E2
.215E2
L942E2
.700E2
.370E2

TN S IV, Bs YR (Yo Ve SR e s Rk o e e o))

NLLS EST
CORRECTED
FOR BIAS

WU 0~ Y~ -

.151E2
.812E2
.975E2
.244E2
.230E2
.280E2
.096E2
.945E2
.288E2
27482
.801E2
. 248E2
.264E2

380

MAX

,240E2
.062E3
137E3
.396E2
.139E2
.050E3
L123E3
L121E2
.51382
.408E2
.840E2
.829E2
L544E2

o 2R s e JYONR RV ol e o i n I i 0 0]

C.V FOR
CORRECTED
ESTIMATE

COoO0CDOO0OROOOOOO
=
()



Predicted indices of abundance for the recruits for years
01984 1585 1986 1587 1988 1989 1990 1991 1992 1993 1994 1995

PARAMETER
r 1 1984
r 1 1985
r 1 138¢
r 1 1987
r 1 1988
r 1 1989
r 1l 1980
r 1 19%%1
r 1 1982
r 1 1883
r 1 19%4
r 1l 1995
PARAMETER
r 1l 1984
r 1 1985
r 1 1986
r 1 1987
r 1 1988
r 1 1989
r 1l 1%80
r 1 1931
rl 1982
r 1 1933
r 1l 1994
r 1 1895
PARAMETER
r 1l 1984
r 1 1985
r 1 19886
r 1 1987
r 1 1988
r 1 1989
r 1 1980
r 1l 1981
r 1 19%2
r 1 1983
r 1l 1994
r 1 1995

NLL3 BOOTSTRAP BOCTSTRAP
ESTIMATE MEAN 3TD ERROR
5.021E2 5.372E2 5.580E1
5.922E2 5.985E2 6.092E1
4.881E2 4.816E2 4.954EL
3.864E2 3.751E2 3.802E1
4.66782 4.700E82 4.652E1
6.650E2 6.575E2 6.944E1
4.618E2 4.446E2 4.84081
3.387E2 3.258E2 3.351E1
2.857E2 2.784E2 2.64781
4.0865E2 4.190E2 4.770E1
4.742E2 5.386E2 5.012E1
5.104E2 5.506E2 6.731E1

—————————————— PERCENTILES
MIN | 10 25 MEDTAN
3.713E2 4.749E2 4.970E2 5.342E2 3
4.148E2 5.189E2 5.575E2 6.012E2 6
3.617E2 4,163E2 4.495E2 4.785E2 5
2.690E2 3.287E2 3.479E2 3.763R2 4
3.415E2 4.189E2 4.377E2 4.644E2 4
5.051E2 5.695E2 6.106E2 6.576E2 1
3.28BE2 3.847E2 4.09882 4.425E2 4
2.332E2 ‘2.829E2 3.017E2 3.236E2 3
2.10C0E2 2.450E2 2.608E2 2.7586E2 2
2.973E2 3.602E2 3.873E2 4.149E2 4
3.668E2 4.655E2 5.033E2 5.344E2 5
4.158E2 4.694E2 5.080E2 5.407E2 3
BIAS BIAS PERCENT
ESTIMATE STD ERROR BIAS

35.188458¢68 3.94547188 7.01
6.30562642 4.30775924 1.06
-6.49155427 3.50278839 -1.33
-11.3509%780 2.68847090 -2.94
3.29186582 3.28934349 0.71
-7.42004187 4.91004665 -1.12
-17.25408403 3.42262489 -3.74
-12,84073360 2.36985779% -3.79
-7.30346831 1.87163634 -2.56
12.13725257 3,37311690 2,98
£4.41420931 4.25122625 13.58
40.26546558 4.75965¢4Q 7.89

WY

Al0

.767E2
.359E2
-159E2
-0l4EZ
.394E2
.052E2
LT42E2
.506E2
»951EZ.
.545E2 °
.713E2
.919E2

NLL3 EST

C.¥. FOR
NLLS SOLN

O OO0 OO Oo0O

G Oy W L0 G U1 ~d (0 e L0 R G

11
.10
.10
.10
.10
.10
.10
.10
.09

.13
.13

.083E2
. 759E2
L473E2
.248E2
.277E2
.482E2
L031E2
.737E2
.16BEZ
-844E2
-147E2
. 39582

CORRECTED

FOR BIAS

.8652
L8325
.5428
L1766
.4287
L3730
L0791
L5106
.0288
L7556
.8048
L0991

MAX

L167E2
.77BE2
.620E2
L737E2
.084E2
.754E2
.912E2
LQ44E2
.450E2
L460E2
.408E2
.984E2

€0~ 4 L s LY O gy o Oy~ )

C.V FOR
CORRECTED
ESTIMATE

QOO OoOOoOCO0OO00O
-
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BOOTSTRAFP

QUTPUT VARIABLE: g hat

Catchability of the fully-recruited animals to the survey gear

PARAMETER

Surv g_n

PARAMETER

Surv g n

PARAMETER

sSurv q_n

BOOTSTRAP

NLL3 BOOTSTRAP BOOTSTRAP
ESTIMATE MEAN STD ERROR
7.081E-1 7.871E-1 5,901E-2

—————————————— PERCENTILES
MIN I10 25 MEDIAN
6.370E~1 6.958E-1 7.257E-1 7.847E-1

BIAS BIAS PERCENT
ESTIMATE STD ERROR BIAS
5.900E-2 4,1736-3 8.33

OUTPUT VARIABLE: F_RN_bar

B.031E-1

C.V. FOR
NLL3 SCLHN

NLLS EST

CORRECTED

FOR RBIAS

6.491E-1

Average fishing mortality rate for all animals of recruitment size

i.e.

raecruits plus the fully-recruired group during survey years

Average fishing mortality rates on the fully-recruited animals

lst Row:
2nd Row:
3rd Row:

SURVEY
YEAR (3}

1895 0O
1694 95
1993 95

SURVEY
YEAR{3)

1995 0
1994 95
1893 95

SURVEY
YEAR(3)

1995 ©
1934 95
1983 95

F in 1985
Average F for 1994 1995

Average ¥ for 1993 1994 1985

NLLS BOOTSTRAP BOOTSTRAP
ESTIMATE MEAN STD ERROR
0.89869 0.9437 0.1635
0.6480 0.7162 0.1039
0.5406 0.5803 0.0844
—————————————— PERCENTILES
MIN | 10 25 MEDIAN
0.4579 0.7384 0.8329 0.9%332
0.3332 G.5900 0.6441 00,7208
0.25%0 G.4636 0.5206 0.581¢
BIAS BIAS PERCENT
ESTIMATE STD ERROR BIAS
0.04680371 0.01155837 5.22
4.07026125 0.00734907 10.88
0.03968035 0,00597031 7.34

[Nl g

All

.0489
L7791
. 6404

C.V. FOR
NLLS SOLN

0.18
0.1le
0.16

1.1432
0.8427
0.6736

NLL3 EST
CORRECTED
FOR BIAS

0.8501
0.5757
.5009

3.368E-1

9.547E-1

C.V FOR
CORRECTED
ESTIMATE

.09

and larger

1.4117
0.9874
0.8249

C.V FOR
CORRECTED
ESTIMATE

0.19
0.18
a.17



BOGTSTRAP OUTPUT VARIABLE:

Fishing mortality rate for all animals of recruitment size and larger

F_RN

i.e. recruits plus the fully-recruited group during survey years

SURVEY
TEAR

1984
1985
1986
1987
1988
1889
1990
1291
1992
15993
1994
1995

SURVEY
YEAR

1984
1985
1986
1987
1988
1589
1290
1991
1982
1993
1994
1995

SURVEY
YEAR

1984
1985
1586
1987
1988
1989
1950
1991
1992
1993
1994
1995

COOCC OO0 o OO

NLLS
ESTIMATE

L1335
L3078
L4566
. 4632
L1830
L3514
L4501
L4671
L4262
.3298
L3951
.89653

COOOOoOoOCOoOooCO0

MIN |

L0174
L0162
.17%6
.0903
.0413
. 1456
L1554
.0917
.09835
L0692
. 4084
.457%

[on R By an i an [ o I e SR Y o 0 o0 2 s B o B o |

BIAS
ESTIMATE

0.11008559
~0.02287962
~0.05528511
-0,13267163

0.04402055%

0.006067986
-0.06580524
-0.0580C0399%
-0.08856496
-0.02148144

0.09371879

BOOTSTRAP BOOTSTRAP
MEAN STD ERROR
0.2436 0.0918
0.2847 0.0888
0.40%3 0.0855
0.3305 0.0959
0.2370 0.0866
0.3574 0.0814
0.3843 0.0957
0.4091 0.0972
0.3377 0.0891
0.3083 0.1029
0.4388 0.0%01
0.9437 0.1635

—————————————— PERCENTILES
10 25 MEDIAN
.1218. 0.1774 0.251% 0
L1751 0.2263 0.2773 0
.2864 0.3482 0.4055 0
L2052 0.2698 0.3302 0
L1277 0.1844 0.2313 0
.2584 0.3110 0.3545 0
.2605 0.3188 0.38862 0
L2839 0.3445 0.4097 0
L2062 0.2702 0.3378 0
.1852 0.2371 0.3038 Q
L3742 0.4282 0.4893 0
. 7384 0.8329 0.9332 1
BIAS PERCENT
STD ERROR BIAS
0.00649237 82.44
0.00627852 -7.44
0.00604603 -12.11
0.00877772 -28.64
0.00612300 22.81
0.00575645 1.73
§.00676405 -14.62
0.00687155 -12.42
0.00700931 -20.78
0.00727384 -6.51
0.006372¢64 23.72
6.01155837 5.22

0.04680371

Al2

.3031
L3311
L4551
.3873
L2956
L4135
.4451
.4770
.3934
.3728
L5520
.0489

C.V. FOR
NLL3 SOLN

.6%
.29
.19
.21

COODOoOCOo OO
ra
=

HOOOODOoOOoCOOOOoOo

NLLS EST
CORRECTED
FOR BIAS

OO OoCODOOOO0oO0

L0234
L3305
L5119
L5959
.1489
.3453
L5158
. 5251
.5148
.3513
L3013
L8501

.3484
.4084
L5118
L4438
L3462
L4634
.5121
.5288
.4607
L4411
L5904
L1432

L5163
L5797
.6972
L6631
L4740
L5923
. 6238
. 6959
.6612
. 6281
.8496
L4117

HFOoOoaooocOooo oo

C.v FOR
CORRECTED
ESTIMATE

OO CoC OO0 0O0OWw
[
w



BOCTSTRAP CUTPUT
Exploited bilomass at time of the survey

VAERIABLE:

i.e. 0% into the survey year

YEAR

1984
1985
1986
1987
1588
1989
1590
1591
1392
15893
1994
1395
1996

TEAR

1584
1985
1386
1887
1988
1989
1590
1881
1582
1993
1994
1995
1596

YEAR

1984
1985
1986
1987
1988
1989
1950
1991
1992
1993
1994
© 1995
1596

(VR I ) S RN Vo M v ¢ B o (NS o Ll

NLLS

ESTIMATE

Gl O GO e b (Dt e e D

MIN

.145E0
.124E0
L252E0
.4Q7EQ
.627EQ
.BB2EOQ
.234E0Q
. 640ED
.612E0
L421EQ
L067EQ
.745EQ
.403E0

.951E0
L 373E1
L 47281
.17%EL
. T7BEOQ
.293E1L
L467EL
.161E1
L357E0
.000ED
.896ED
.000E1
.110EC

da 00 ~1 U oy WO D WD e

BIAS

ESTIMATE

-2.
-1.
-1.
-3.

4.
6.
-1.

-2

-2

-2.

640E-1
394E0
002E0Q
523E-1
333E-1
189E-1
00%ED

.B14E-1
1.
2.
3.

541E-3
663E-1
SBTE-1

.B43E-1

B_RN_0_expl

BOOTSTRAP BOOTSTRAE
MEAN STID ERROR
§.58780 9.1128-1
1.233E1 1.57580
1.372E1 1.852E0
1.14481 1.56780
9.21280 1.205E0
1.231E1 1.479ED
1.36781 1.679E0
1.133E1 1.480E0
8.359%0 1.193E0
6.26EE0 8.304E-1
§.25580 8.660E-1
9.719E0 1.021E0
5.821E0 1.203E0
—————————————— PERCENTILES
10 25 MEDIAN
.494ED  §.083EQ  8.651E0 9
.048E1  1.124E1 1.22581 1
12881 1.248El  1.378E1 1
J219E0  1.048E1  1.132E1 1
.740FQ  8.464E0  9.100ED 9
.045E1  1.116E1  1.223E1 1
.155E1  1.24581 1.35581 1
48820  1.031E1  1.11%E1 1
.884E0  7.5363E0  8.238E0 9
.160ED  5.734EC  6.199E0 6
23680 7.632EC B8.274E0 8
.525E0  9.052EC  9.533ED 1
.429E0  4.965E0  5.749E0 6
BIAS PERCENT
STD ERROR BIAS
6.443E-2 -2.95
1.1148-1 -10.16
1.309E-1 -6.81
1.1088-1 -2.99
8.522E-2 4.94
1.046E-1 -4.79
1.187E-1 -6.83
1.047E-1 -2.42
B.436E-2 0.02
5.872E-2 4.44
6.1248-2 4.54
7.223E-2 ~2.84
8.504E-2 -4.73

§92E-1

Al3

C.V. FOR
NLLS S0LN

.238ED
.337E1
.491E1
L260EL
.982E0
.334E1
.481E1
.236E1
.061EQ
. 786E0
.752E0
.033E1
.460E0Q

NLL

N
.

.1
.1

OO0 oo OO OO

D P e

S EST

CORRECTED
FOR BIAS

[ RN T N e N ]

.215E0
L512E1
.372E1
.214E1
. 34580
.3553E1
.568E1
L18CE1
.356E0
.733E0
.338E0Q
.029E1
.399E0

.10
.11
V13
.13

4

LAl
.11
.13

4
4

11

.758E0
.449E1
L625E1
.343E1
LO7SEL
L416E1
.606EL
.324E1
.013E1
.383E0
.376EQ
.088E1
.340E0C

MAX

L1409E1
.785E1
.822E1
.572EL
.234E1
.691E1
.T70EL
.607E1
. 19SEL
. 668EQ
.145E1
.470E1
L171E1

L el el i el

C.V FOR
CORRECTED
ESTIMATE

CoOoOOoQOoOOoOoOoO0
=
=



APPENDIX B: BIOMASS DYNAMICS MODEL

Zulf of Maine Morthern Shrimp -- ASPIC 3.6x -- Three Indices Page 1
29 May 1997 st 13:43
ASPIC -- A Surplus-Production Model Tncluding Covariates !Ver. 3,64 FIT Mode

Auther: Michasl H. Prager
Vational Marine Fisheries Sarvice
Southwest Fisheriszs Science Tznter
3130 Paradise Drive
Tibuzon, <Califoconlia 24920 [JS5A

CONTROL PARAMETERS USED {FRCM INFUT FILE)

5]

years analyzed: 2 Mumber of sootstrap rrlials: i

data ssriss: 3 Lower bound on MSY: 1.200E-00
Obiective function computbed: in EFFORT Jpper bound on M5Y: 5.0008+91
Relative conv. criterion (simplex): 1.090E-08 Lower bound on x: 1.0008-01
Relative conv. critericn (rastart): 3.000E=-08 Gpper bound on r: LL2ONE+21
%elative conv. criterion {effort): 1.000E-04 Random number seed: 1564235
Maximum F allowed in fitting: 5.00Q Monte Carlo ssarch zrials: 509599
PROGRAM STATUS INFORMATION (NON-BOOTSTRAPPED ANALYSIS) code 0

Mormal convergence.

CORRELATION AMONG [MPUT SERITS EXPRESSED AS CPUE (NUMBER COF PAIRWISE QBSERVATIONS ZELOW)

§
1 Fail Groundfish Survey i 1.000
| 29
|
2 Maine Summer Survay | 0.738 1.ao00
| 1 14
t
3 Summer Shraimp Survey i 0.%01 0.000 1.000
| 13 0 13
i 2 3

Weighted Weighted Current Suggested R-squared
Loss component number and title S5E N MSE weight weight in CPUE
Loss(-1) &8E in yield 0.00D0E+00
Loss( O) Penalty for BIR > 2 Q.000E+Q0 1 N/A 1.000E+Q0Q
Less{ 1) Fall Groundfish Survey 5.464E+00C 2% 2.0Z4E-01L 1.00QE+0Q 0.a4dtL
Loss{ 2] Maine Summer Survay 3.578E+0Q0Q 14 2.982E-01 1.0Q0E+00 9.207E-01 0.673
Loss{ 3} Summer Shrimp Survey §.391E-01 13 7.628E~02 1.000E+00 Z.035E+00 0,185
TOTAL OBJECTIVE FUNCTION: 9.BBOERIIZEF00
Mumber of rastarts required for convergence: 22
Est, B-ratic coverage index {0 worst, 2 bast): 1.3500
Est. B-ratic nearness index [0 worst, 1 best): 1.0000
MODEL PARAMETER ESTIMATES (NON-BOOTSTRAFPED)
Parameter Estimate Starting guess Estimated User guess
B1R Starting biomass ratio, year 1968 1.453E+00 1.000E+00 1 1
MST Maximum sustainable yield 5.330E+00 5.000E+Q0 1 1
4 Intrinsic rate of lacrease 3.432E-01 3.000E-0QL 1 1
........ Catcnablility coefficients by fishery:
a{ 1} Fall Groundfish Surwvey 9.992E-02 1.000E-01 1 1
gi 21 Maine Summer Survey S.928E-01 5.000E-01 1 1
aql 3} Summer Shrimp Survey 9.017E-01 9.000E~0L 1 1

MANRGEMENT PARAMETER ESTIMATES (NON-BOOTSTRAFFPED)

Paramater Estimate Formuala

MSY Maximum sustainable yield 5. 330E+00 Kr/a

K Maximum stock biomass 6.2128+01

Bmsy Stock biomass at MSY 3.106E+01 K72

Fmsy Fishing mortality at MSY 1.716g-01 /2

F{0.1) Management benchmark 1.544E-01 0.9 Fmsy

Yi0.1} Egquilibrium yield at F(0.1) 5.277€+00 0,99*M8Y

B-ratio Racic of B(13%7) to Bmsy - 2.054E~01

F-ratio Ratio of F(1996} to Fmsy 5.792E+00

¥-ratio Proportion of MSY avail in 1397 3,6B6E-01 2*Br-Br"2 Ye (1337} = 1.963E+00
eiiewe.. FEishing effort at MSY in units of each fishery:

fmsy( L} Fall Groundfish Survey 1.733E+00 £/2qf 1) f(0.1} = 1.361E+00
Gulf of Maine Northern Shrimp -- ASPIC 3.6x -- Three Indices Page 2
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LSTIMATED POPULATION

TRAJECTORY

(NON-BOOTSTRAPPED)

Estimated fstimated £stimated

Year total starting average

chs  or 1D F mort biomass plomass

L 263 .128 4. 514E+D] 4,443E+01

2 1368 3.304 1. 373%5+01 J.391E+01

3 1870 2,340 3. 652E+01 3.331E+01

4 1971 0,333 3.047E+D1 2.763E+0L

El 1572 0.317 2,913E+0]1 2.171E+01

3 1973 0.6138 1L8T4E+IL 1.563E+01

7 1974 0.78] 1. 3I5E+01 L.327E+01

3 18753 1.132 7.98LE+00 5.424E+00

El 1876 0.413 3.30%E+DD 3,3538+00

10 1977 29,303 3.21ZE+90 3.5348+00

il 1973 2.7204 4.003E+00 4.705E+0D

1979 0.07% 5,477E+0Q @.163E+00

1280 9.043 6.835E+00 7.363E+00

1981 8,110 B8.9L2E+00 9.7TLE+0O

1982 0.132 1.087E+01 1.1S0E+0Q1

19683 0.104 1.2338+01 1.344E+01L

1934 0.19%6 1,456E+01 1.5056+0%

1985 0.267 1.553E+01 1,545E+01

1986 0.308 1.538E+01 1.501E+01

1987 5,379 1.4658401 1.385E+01

1988 G.227 1.309E+0L 1.338E+<01

2 13889 .239 L.3668+01 1.3858+01

23 1330 0.345 1.404E+91 1.351B+01

24 1991 0.275 1.30GE+OQL 1.298E+01

23 1332 0.269 1.296E+01 1.390E+01

26 1923 2.155 1.304E+0} 1,3B81E+01

27 1994 0.193 1.438E+01 1.308E+01

23 19535 3.436 1.333E+01 1.417E+01

28 1996 0,294 1.287E+01 9.222E+00
0 1397 6.38LE+00

Gulf of Maine Northern Shrimp -- ASPIC 3.6x --

RESULT3 FOR DATA SERIES # 1

{NON-BOOTSTRAPPED)

Data type CC: CPUE-catch series

Cbs Yaat
1 19682
2 19363
3 1970
q 1371
5 1972
a 1973
7 1974
| 1373
9 1978

10 1377
11 1978
12 1979
13 1980
14 1981
15 1982
16 1883
17 1984
18 1385
19 12386

20 1987

21 1988

22 1988

23 1330

2 1991

25 13492

26 1233
27 1594
28 1995
2 19986

Observed
effort

1.784E+00
4.495E+00
3.062E+00
3.531E+0Q0
3.401E+00
3.10ls+00
1.0038+01
6, 824E+00
2.312E+00
1.858E4+Q0
4,200E-02
3.730E-01
6.7492E-01
7.141E-01
3,101E+04Q
1.387E+00
1.553E+00
2.582E+00
1.854E+00
3.090E+0Q0
2.326E+00
1.832E+00
2.2B35E+00
3.T39E+G0
3.937E+00
1.298E+00
1.343B+00
3.592E+00
3. 1B4E+Q0

Estimated
effore

1.298E+00
3.074E+00
3.43BE+00
3.873E+00
3.225E+00
6.246H+00
7.895E+00
1.145E+01
4.17SE+00Q
1.043E+00
3.610E-02
7. 280E-0L
4.3578-01
l.le8E4+00
1.346E+00
L.05LE+0D
1.982E+00
2.702E+00
3.122E+00
3.835E+00
2.291E+00
2.420E+00
3.488E+Q0
2.781E+00
2.678E+00
1.563E+00
1.953E+00
4.614E+00
1.005E+01

Estim
r

0.1285
0.3041
9.3401
0.3832
0,516%
0.6179
0.7810
1.1324
0.4130Q
0.1034
0.0036
0,0789%9
0.0431
9.1096
0.1331
0.1403%

L1981
0.2673
0.3088
0.3794
0.2266
0.2334
0.3451
9.2781
0.2649%
0,1552
0.1%32
0.4564
0.3940

Opgerved
total
yield

VINBE+DD
L214E+0]
L133E+01
0592+01
1228+01
LA9LE+DO
LI24E+00
L 14ZE+00
L3BTEFOD
.716E~01
B30E-02
.363E-01
391E-G1
O71E+G0O
. 5308+00
39TE+QQ
L9SLE+00
L31E+00
BI5E+OD
L253E+00
G3LE+0C
.315EB+00
L6E2E+DD
L571E+00
L444E+00
143E+00
LF13E+0D
6.46BE+00
9, 166E+00

Three Indices

Obsarved
yisld

L TOBE+Q0Q
L214E+01
L133E+01
LD39E+0L
122E+01
6FLE+00
.024E+00
. 142E+00
.387E+00
LT16E-01
.BAQE-02
865E-01
L391E-01
.07T1E+00
.520E+00C
.2STE+00
.9S1E+00
131E+00
635E+00
L253E+00
.031E+00
L315E+00
. 882E+00
.571E+00
3.4448+00
2.143g+00
2.915E+00
6. 466E+00D
$.168E+00

R R R A N P R TR gy, T e R L]

Modal
tazal
yielid

5. 70498+00
L.214E+01
L133E+0L
L03%E+0L
L122E+01
L 631E+0D
G24E+-0D
. L42E+00
L33TE+QO
LTL6E~Q1
EBOE-D2
.865E-01
L391E-01
.DI1E+CO
5308400
397E+QO
L351R+00
Li3IEHQQ
LB39E+00
.253E+00
3,031E+C0O
3.3158+00
4.9862E+00
1.571E+QQ
3.444E+00
Z.143E+00
2.915E4+00
E.4BRE+D0
2.166E+00

IO N L L

Model
yield

5.708E+00
1.214E+01
1,133E+01
1.039E+01
1.1228+0%
9.691E+00
8.024E+00
6.142E+00
1.3B7E+00D
3,71€E-01
1.680E-02
4.865E~01
3.391E-01
1.071E+00
1.330E+00
1.397E+00
2.951E+00
4.131lE+00
4.633E+00
5.253E+00
3.031E+00
3.315E+00
4.BB2E+00
3.571E+00
3.444E+00
2.143E+00
2.913E+00
6. 466E+00
3, 166E+0D

B2

Estimated

ExH

rplus

producticna

1.23928+90
4,3T4E+00D

.93

.49

.39

.3l
.98
.90

Lo ek Lt G A L3 Lo L D DM rm b e e B e B L

B2
31.52
3.52
3.48

L2B3E+0D
L233E+00
LBZ2IE+QD
LDGEE+D0

LE+40

LE30E+0D
LO9CE+FCO
L1B2E+00

1LE+00

.804E+00

GE+00

.324E+00
.214E+00
LELZE+O0

3E+00
4E+00
6E+00

LBI2E+QQ
. BO2E+00
LBIE+FQ0

TE+Q0
4E+00
BE+00
4E+00

3.920E+00
3,750E+00
2.678E+00

Fall Groundfish Survey

+

LIBLEGD
LZ33E+CD
LOI2E+G0
LBO1E+00
.551E+00
LE$9E+0D
L4972+00
.A25E-01
LOB1E-D2
LE00E-01
L512E-01
L388E-01
L15TE-01
L058E-01
.143E+00
L558E+00
LB00E+00
L211E+00
L32LE+00
. 395E+00
L011E+00
L 603E+00
.544E+00
L04SE-Q1
L1ZBE+OD
2,6608400
5.792E+00

O N el L e R N SR SR N W= QPN W Uy S

Ratio of

1
1
1
9
E]
3

bilomass
to Bmsy

L4338-00
LAGSEER0
L1782+00

L810E-01

L091E-01
LO32E-0L

4.292E-01

N
1
L

1.

563E-01
LJCE-QL
LG342-01
L2B9E-9L
TEIE-01

2.2208-01

2
3
3

4,

4
4
4
1

.389E-01
.434E-0%
.9TEE-01
FRIE~T1
.399E-C1
.951E-01
.717E-01
.214E-D1

4.3%8E-01

4
4
4
4
4
5
4
2

L. 5198-01
L137E-01
L171E-0L
.132E-01
LBISE-0]
L018E~01
.144E-01
.054E-021

Page 3

Series weight: 1.000

Resid in
log effort

0.
o,
-0.
-0.
-9,
-9.
0.
<0.
-0.
0.
0.
Q.
o.
-0.
1.
Q.

-0,

=-0.
=G.
-0.

G,
-0,
0.

0.

9.
-3.
-0,
-0,
-0,

317138
37985
11335
09245
42937
20285
23438
51727
59122
57539
15143
198130
44253
43345
33255
28486
24408
04365
52114
21s07
09718
27839
42305
31190
79623
18899
37434
250t9
20517

Resid in
yield

0.000E+00
Q. 000E+00
0,000E+00
0.000E+00
0.Q0Q0E+CD
0.000E+00
0.00QE+00
0.000E+00
(,000E+00
G,000E+00
G.00CE+00
0.C00E+QO
Q.000E+00
0. 0DQE+O0Q
0. 3O0E+00
0.000E+00
,000E+00
0.000E+00
0.00CE+00
0.000E+00
0.,0008+00
0,000E+00
0.0CCE+00
0.000E+00
0.000E+00
¢.0Q0E+0Q
0.000E+00Q
0,000E+00
0.000E+0D



Zuli of Maine Mocthern

Serias weigne:

Estim Model Reaid in
Ibs ol index ing index
L 2.0 4 EILE+01 L55429
z 0.0 3 L2013
3 G.0 4. 380E0Y 2 LEI07E
4 a0 F.A0GE+20 1 .63624
5 a.0 TLGEREGO 1 73834
[ . 2.9 7. L .33648
i LI EENE) 2.0 1.99 T 2+09 7.44000
3 E+03 L.O0ODE+GD 0.2 g 4. E40E+00 L3676
El L.COO0ESDD OOOE+CC 0.0 4.200E+20 2.G45E+D0 L3331z
La L. 290E+3d LQO0E~RD 0.0 1. ECNE+OD 1.,3728+00 13712
11 1.000E+00 L. O00E+00 0.0 3.20CE+Q0 2.333E+90 0.31e07 .
2 1979 1.U00E+00 1.900E+QD G0 4.4008+00 3.182E+00 G,22089 L. 208E+00
13 1930 1.900E+D0Q L. O00E+D0 .0 2. 700804 4. 019E+00 -0.39787 ~1.319E+00
14 1991 1.000E+D0D L.GGOE+QD 4.0 3.200E+00 5.134E+Q0 -2.54894 =2 ,124E+00
RESULTS FCR DATA 3EZRIES & 3 (NON-BCOTSTRAPPED) Summer Shrimp Survey
Data rype I0: Start-cf-year bicmass 1ndex Series weight: L1.000
Chserved Estimated Estim Obsarvsad Model Resld in Resid in
Obs Year atfort effort F irdex index lag index 1ndex
i3 1984 1.0CCE+00 L.000E+~00 n.a 1.050E+01 1.3138+01 -N,22273 -2, B33E+00
18 1985 1.00DE+00 L.000E+CO 0.0 1.770E+01 1.400E+01 0.23449 3.700E+D0
19 1984 1.000E+00 1.000E+G0 a.c0 1.960E+01 1.387E+01 0.34596 5.712E+0Q0O
20 1587 1.000E+00 L.000E+0D c.o L.380E+01 1.321E+01 0,11361 L.5S33E+00
21 1388 1.0002+0Q0 1.000E+00 0.0 1.280E+01 1.1808401 0.08114 3.%975E~-01
£2 19B9 1.000%+00 1.000E+00 0.0 1.TOOE+0] 1.232E+01 0,32222 4.683E+00
23 1990 L. I00E+00 1.0608+00 Q.0 1.810E+01 1.286E+01 0.35781 5.442E+00
24 1991 1.000E+Q0 1.0G0E+04 0.4 1.170E+01 1.173E+01 -0,30218 -2.565E-02
23 13992 1.000E+00 1.0G0E+00 0.0 3.400E+00 L, 1GBE+0L -0.21742 -2.2B3E+00
26 1393 1.000E+00 1.GO0E+00Q 0.0 9.106E+00 1.176E+01 -0,25633 -2.653E-00
27 1994 1.000E+0C0Q 1.000E+00 .0 4.7008+04 1.3158+01 —-G.41390 -4 449E+00
28 19985 1.000E+G0 1.000E+00 5.0 1.330E+01 1,405E+01 -0.05520 -7.54BE~01
29 1238 1.QCGE+N0 L.QQOE+00 0.0 B.B00E+HO 1.161E+0Q1 -2-27673 -2.906E+00
Gulf of Maine Worthern Shrimp -- ASPIC 3.6x -- Three Indices Paga 1
30 May 13537 at 09:53
ASPIC -- A Surplus-Production Model Including Covariates (Ver. J.64) BOT Made
RESULTS CF ROOTSTRAPPED ANALYSIS N
Bias~ Inter-
Param corracted Qrdinarcy Ralative Approx 30° Approx 80% Ahpprox 50 Approx 50° gquartile Relative
name estimate estimate bias lower CL uzpper CL lower CL upper CL range IQ range
Blratia 1.643E+00 1. 649E+00 0,01 1.031E+Q9 2 .319E+00 1.343E+00 2.086E+00 T.435E-01 0.451
® 5.908E+01 5.815E+01 -1,38% 5.038E+01 B.149E+01 5.354E+01 6.843E+01 1.426E+01 0.253
T 3.4218-01 3.456E-01 1.03% 2.926E-01 3.8914E-01 3.176E-01 3.6801E~-01 1.254E-02 0.124
701} $.835E-02 9.715E-02 -1.22% 7.977E-02 1.237€-01 5,912E-02 1.129E-0L 2,286E-02 0.232
ql2) 9.869E-01 5.TL2E-OL 0.75% 4,537E-01 T.006E~-01 5.047E-01 6, 349E~01 1.302E-01 a,230
g3t 8.979E-01 A BTEE~OL 0.00% 6.821E-0%1 1.079E+00 7.80LE-01 $.815E-01 2, 015E-0% 0.227
MSY 4, 825E+GO 5.024E+00 2.03% 4.206E+00 5.922E+00 4.551E+00 5,383E+00 3.376E-01 n.170
Ye(1997) Ll.BTOE+0QQ 2.019E+00 T.98% 4,591E-01 2.837E+00 §.976E-01 2.249E+00 1.2518+00 0.568%
EHERY 2,954E+01 2.9C3E+01 -1.58% 2,519E+01 4.0T4E+QL 2.677E+QL 3.425E+01 T.47BE+00 0.253
Fmsy 1.710E-01 1.728E-01 1.03% 1.463E-01 1.207E-01 1.9888-01 1.801E-01 2.127E-02 0.124
Zmsy(t} 1.763E+320 1.779E+00 0,913 1.3348+00 2,073E+00 1.626E+00 1.904E+00 2.784E-01 3,158
fmsy {2} 3.003E-901 3.023E-91 Q.76% 2.4838-01 3.528E-01 2,700E-01 3.2728-01 3.723E-02 0.131
fmsyt3)  1.928E-01 1.946E-01 9.95% 1.5745-01 2.355E-01 1.761E-01 2.1198-01 3.579E-02 0,186
FL0.1} 1.%39E-0D1 1.555E-01 0.93% 1.317E-01 1.716E-01 1.429%9E-01 1.621E-01 1.514E-02 0.124
Y01} 4.875E+00 4.974E+00 2.01% 4. 164E+00 5.863E+00 4.505E+00 5.335E+00 8.233E-01 0.170
B-ratio 2.236E-01 2.260E-01 1.32% 8.952E-02 4.137E-D1 1.531E-01 3.237E-01 1.707E-01 0.783
F-ratic 5.936E+900 5.6308+00 =5.15% 4.0D69E+00 1.342E+01 4.928E+00 3.4035E£00 3,476E+00 0.38%
Y-ratic 3.973E-01 4,0i8E~01 1.14% 1.710E-01 6.563E~-01 2.827E-01 5.427E-01 2.600E-01 0.654
£0.1(1} 1.537E+DO 1.601E+00 o4.81% 1. 380E+Q0 1.865E+Q0 1,463E+00 1.714E+00 2.305E-01 0,158
£0.1¢2) 2.702BE-01 2.723E-01 0.68% 2.235E-01 3.175E-01 2.430E-01 2.945E-01 5.153E-02 dJ.121
£0.1(3) 1.7358-01 1.752E-01 0,85% 1.417E-01 2.113E-01 1,585E-01 1.907E~01 3.221E-02 0.1886
q2/ql S.7948+00 S.879E+00 1.941E+00 7. 148E+00 5.242E+00 5. 4T6E+00 1.234E+00 0.213
q3/q1 9.262E+00 9.138e+00 7.755E+00 1.155E+01 8,462E+00 1.022E+01 1.739E+00 0.180

NOTES ON BOOTSTRAFPED ESTIMATES:

- The pootstrapped results shown were computed from 200 trials.

- These results are conditional on the constraints placed upon M5Y and r in the input file {ASFIC.INP).

- All bootstrapped intervals are approximate. The statistical literature recommends using at least 1000 ctrials
for accurate 95. intervals. The B0% intervals used by ASPIC should require fawer trials for equivalant
accuracy. Using at least 500 grials is recommended.

-~ The bias corrections used here are based on medians. This is an accepted statistical procedure, but may
asrimate nonzero bias for unbiased, skewed astimators,

Trials replaced for lack of convergence: 3
Trials replaced for MSY out-uf-bounds: 0
Trials replaced for r out-of-bounds: 2
Residual-adjustment facrtor: 1.06533

P
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STANDARD MAIL A

Publications and Reports
of the
Northeast Fisheries Science Center

The mission of NOAA's National Marine Fisheries Service (NMFS) is "stewardship of living marine resources for the
benefit of the nation through their science-based conservation and management and promotion of the health of their
environment." As the research arm of the NMFS's Northeast Region, the Northeast Fisheries Science Center (NEFSC)
supports the NMFS mission by "planning, developing, and managing multidisciplinary programs of basic and applied
research to: 1) better understand the living marine resources (including marine mammals) of the Northwest Atlantic,
and the environmental quality essential for their existence and continued productivity; and 2) describe and provide to
management, industry, and the public, options for the utilization and conservation of living marine resources and
maintenance of environmental quality which are consistent with national and regional goals and needs, and with
internationai commitments." To assist itself in providing data, mformanon and advice to its constituents, the NEFSC
issues publications and reports in three categories:

NOAA Technical Memgrandum NMFS-NE.-This irregular series includes: data reports of long-term or large area
studies; synthesis reports for major resources or habitats; annual reports of assessment or monitoring programs,
documentary reports of oceanographic conditions or phenomena; manuals describing field and lab techniques; literature
surveys of major resource or habitat topics; findings of task forces or working groups; summary reports of scientific or
technical workshops; and indexed and/or annotated bibliographies. Issues receive thorough internal scientific review and
technical and copy editing. Limited free copies are available from authors or the NEFSC. Issues are also available from
the Natienal Technical Information Service, 5285 Port Royal Rd., Springfield, VA 22161,

Northeast Fisheries Science Center Reference Document-This irregular series includes: data reports on field and
lab observations or experiments; progress reports on continuing experiments, monitoring, and assessments; background
papers for scientific or technical workshops; and simple bibliographies. Issues receive minimal internal scientific review
and no technical or copy editing. No subscriptions. Free distribution of single copies.

Information Reports—These reports are issued in several series, including: News Release, Fishermen's Report, and The
Shark Tagger. Content is timely, special-purpose data and/or information, Level of scientific review and technical and
copy editing varies by series, All series available through free subscription except for The Shark Tagger which is available
only to participants in the NMFS Cooperative Shark Tagging Program.,

To obtain a copy of a technical mémorandum or a reference document, or to subscribe to an information
report, write: Research Communications, Northeast Fisheries Science Center, 166 Water 8t., Woods Hole,
MA 02543-1026. An annual list of NEFSC publications and reports is available upon request at the above
address. Any use of trade names in any NEFSC publication or report does not imply endorsement.






