
Papers of the Northeast Regional 
Stock Assessment Workshops 

Assessment of the 

Georges Bank Haddock Stock 

by 

Daniel Hayes and Nicole Buxton 

Northeast Fisheries Science Center 
Woods Hole, MA 



2 

'ntroduction: 

The haddock (Melanogrammus aeglefinus) population within 
waters is assumed to consist of two major stocks. Haddock 

from Division 5Z and Statistical Area 6 constitute the 
Bank stock; haddock from Division 5Y constitute the Gulf 

Maine stock. These stock definitions are based on tagging 
ies, meristic data, age composition and growth data (see 

et al. 1982). Several authors have suggested that a 
ate stock may exist in the Nantucket Shoals area (Clark et 

1982; Schroeder 1942; Bigelow and Schroeder 1953). No recent 
available, however, to sUbstantiate the persistence of a 

,~~,rnduct1vely isolated stock in this area. 

The haddock fishery on Georges Bank developed during the 
1800's as a bycatch in the cod handline fishery (Jensen 

67). with the introduction of the Vigneron-Dahl trawl near the 
of the century and improved technology for providing fresh 

frozen fish products, a directed haddock fishery developed. 
this development period, yields from the fishery 

lized. From 1935 to 1960, annual yields averaged 
~pro:(ilnat:ely 46,000 mt (Clark et al. 1982). During the early 

's, distant water fleets from the Soviet Union, Spain and 
countries began to direct fishing effort toward haddock on 

An1'~~'~ Bank. This increase in effort temporarily resulted in 
in excess of 100,000 mt (Clark et al. 1982). By 1969, 

had decreased to a level below that maintained during 
19 5-1960 period, and continued to decline throughout much of 
1970's (Table 1). During the late 1970's and early 1980's 

increased, however the fishery did not recover to a pre
Since 1980, landings have declined steadily to the 

level of 5284 mt in 1990 (Table 1). 

Haddock are currently managed under the New England Fishery 
Council's northeast mUltispecies fishery management 

While some haddock are caught in gillnets, line trawls and 
gear, the otter trawl is the predominant gear used, 

Iccounting for over 97' of the total landings during the past 5 
Recreational landings are low; estimates for 1990 

."Y~~Q~e that landings were less than 100 mt. 
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Commercial Landings 

commercial landings in 1990 were 5284 mt, 18% higher than in 
1989. Increases in landings from 1989 were evident in both the 
USA and Canadian fisheries (Table 1). Current levels of landings 
are approximately one-half to one-fifth the landings observed 
during the late 1970's and early 1980's, and are roughly one
ninth that of the 1935 to 1960 average. Otter trawling accounted 
for over 99% of the landings in the USA fishery during 1990; in 
the Canadian fishery, otter trawls were also the predominant gear 
but line trawls accounted for 26% of landings (Gavaris and Van 
Eeckhaute 1991). 

Length frequency sampling 

In a departure from previous assessments, several of the 
standard 3-digit Northeast statistical areas have been combined 
to form two new strata. The impetus for aggregating landings and 
length frequency samples into two strata was the low number of 
length frequency samples available from George Bank during the 
latter part of the 1980's (Table 2). In many cases, only one or 
two samples were available for a market category within a given 
quarter. Thus, to avoid the process of applying single length 
frequency samples to unsampled strata, the strata were collapsed. 
For convenience, the new strata are referred to as Eastern 
Georges and western Georges. Eastern Georges includes area 561, 
562, 523 and 524; Western Georges includes areas 521, 522, 525, 
526, 541, 542, 537, 538, 539 and statistical area 6. The choices 
for these new strata was based on grouping the old strata which 
had similar mean lengths across years and which were 
geographically adjacent (Table 3). Additional analyses on mean 
length at age (see section on age sampling) also indicated that 
these grouping are appropriate. 

The number of samples taken within a market category/area/ 
quarter combination (stratum) varied from 0 to 15. When no 
samples were available within a stratum, the length frequency 
from the other area was used. In 1989, quarter 3, no samples were 
available for market category 1470. The length frequency for 
this stratum was estimated as the average of the quarter 2 and 4 
length frequencies for this market category. 

It should be noted that while a point estimate of the length 
frequency can be estimated from a single sample, an unbiased 
estimate of the variance can not be computed from the sample. 
Further, when no samples within a stratum are available, the 
processes of applying the length frequency from the other area 
can bias estimates, and further, the mean square error can not be 
computed directly. with these considerations, a minimum of one 
sample is required for unbiased point estimates, and two sample~t 
are required for unbiased estimates of the variance. As such, 1n 
is recommended that at least two samples from Eastern and wester 
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Georges Bank be taken each quarter so that the variance of the 
catch at age matrix can be computed and the adequacy of sampling 
evaluated. 

composition sampling 

As indicated under the length frequency sampling section, 
the current 3-digit Northeast statistical areas were collapsed 
into two new strata. Plots of mean length at age of haddock 
collected in NEFC trawl surveys indicate sUbstantial differences 
between Eastern and western Georges Bank (Figure 1). An 
alternate way of depicting the differences between these regions 
is the mean age at length. Plots of mean age at length by 
quarter from commercial samples indicate that generally mean age 
at length was less in western Georges Bank than Eastern Georges 
Bank (Figures 2-6). Because of these differences in age-length 
relationships, it is inappropriate to treat Georges Bank as a 
single sampling stratum. 

Additional analyses were performed to evaluate the 
appropriateness of pooling age-length keys across quarter and 
pooling age-length data from the survey with commercial samples 
(Appendix B). These analyses indicate that the age at length of 
fish collected in NEFC trawl surveys does not differ 
substantially from haddock collected commercially, and age at 
length does not differ substantially between quarters one and 
two. Thus, age-length keys were computed using both commercial 
and survey age data, and age-length keys were computed for the 
first and second quarter combined and for the third and fourth 
quarters separately. The sample sizes resulting for each stratum 
are presented in Table 4. 

catch at age 

Catch at age was computed for the USA fishery for the years 
1982-1990 (Table 5). Catch at age for the Canadian fishery 1982-
1990 was taken from Gavaris and Van Eeckhaute (1991) (Table 6). 
Catch at age prior to 1982 (Table 7) was taken from previous 
assessments (Clark at al. 1982; Overholtz et al. 1983). Catch 
at age was computed following the procedures outlined in Quinn et 
al (1983); computation of the variance of catch at age followed 
Gavaris and Gavaris (1983). Several approximations were made in 
the computation of variance, however. First, the effect of 
cluster sampling of the length frequency and age data was 
ignored, resulting in an underestimate of variance. Secondly, 
the variance of estimates of mean weight at length using length
weight regressions was also ignored, again resulting in 
underestimates of variance. Finally, the variance (and bias, 
contributing to mean square error) introduced by applying length 
frequency samples from one area to the other when no sample was 
aVailable could not be estimated. This approximation also likely 
results in a underestimate of variance. As all of these sources 
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of bias are likely to be in the same direction, the estimates 
provided here are minimum estimates of variance, and the actual 
variance is potentially much larger. 

Catch at age during the period from 1982-1990 has been 
dominated by the 1978, 1983, 1985, and 1987 year classes (Table 
5). Coefficients of variation for these years classes was 
generally on the order of 5%, however this is a minimal estimate 
and the actual c.v. could be substantially larger. 

Mean length and weight at age 

Mean length and weight at age at capture were calculated for 
the USA fishery for 1982-1990 (Table 8). Mean weight at age for 
previous years (Table 9) and for the Canadian fishery 1982-1990 
(Table 6) were taken from previous assessments and Gavaris and 
Van Eeckhaute (1991). within the 1982-1990 period, no trend in 
mean length and weight at age is apparent. For all landings from 
1963-1990, there was a trend for higher weight at age following 
the late 1960's. 

Mean weight at age for stock biomass computations were 
calculated following Rivard (1980) and are provided in Table 10. 
Estimates of the proportion of female fish mature at age are 
provided in Table 11. 

Commercial CPUE 

Commercial CPUE indices were computed for the USA otter 
trawl fishery for 1964-1990. Before analysis, the data were 
filtered to include only those trips where total catch was at 
least 50% cod, haddock and winter flounder. A mUltispecies 
qualification level was used because at present very few trips 
can be considered to be directed haddock trips. The use of a 
multispecies qualification is based on the assumption that 
fishing effort that is directed toward cod, haddock or winter 
flounder is likely to catch the others since these species 
commonly co-occur (Gabriel 1989). 

Commercial CPUE indices were computed in two ways; GLM 
(General Linear Model) analysis and means of cell means. GLM 
analysis with all interactions (except those involving year) and 
no interactions were estimated. Comparison of the results of 
these GLM models show very little difference in the time series 
for each index (Table 12). The detailed results of these GLM 
models are presented in Appendix C. Results of means of cell 
means (where a cell is defined as a quarter/area/tonnage class 
combination) for tonnage class 3 and 4 vessels show a broad 
similarity in the resulting time series (Table 13). Plots of 
these indices with the GLM (without interactions) CPUE index 
indicate that all three indices follow the same general trend, 
with high values during the mid 1960's, a sharp decline to a 
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imum during the 1970's, a rebounding during the late 1970's 
another decline after 1980 (Figure 7). However, there are 

screpancies in the details of the trend in each index. In 
n~.r~icular, the GLM index shows large jumps during 1977 and 1981 

the cell mean method shows a much more gradual trend during 
time periods (Figure 7). Currently, all three indices are 

near record lows for the time series. 

·Research survey indices 

Prior to using NEFC research vessel bottom trawl survey 
indices for VPA tuning or indices of abundance, mean catch/tow in 
numbers were adjusted to account for the changes in gear usage 
that have occurred during the time series. The details of the 
estimation procedure for the adjustment factors and of gear usage 

the time series are provided in Appendix A. For 
(c()nv'enience, both the adjusted and unadjusted stratified mean 
catch/tow (numbers) are presented (Tables 14 and 15; Figure 8). 
stratified mean catch/tow in terms of weight was not adjusted for 
changes in gear usage at this point in time because further 
analysis is necessary to determine the effect that differential 

. ility by size class has on estimates of adjustment 
factors to adjust mean biomass catch/tow. 

Catch of age 1+ haddock in the autumn survey shows four 
distinct periods since the beginning of the NEFC bottom trawl 
survey in 1963. During the early 1960's, mean catch/tow was at 
. highest level, reaching a maximum for the time series in 1964 
(Figure 8). FOllowing this, survey catch/tow dropped sharply and 
remained at a low level from 1969-1975. A resurgence in catch 
was observed in 1976, and relatively high catch rates were 
observed until 1979, when the mean catch/tow again declined. The 
fall survey catch/tow from 1982 to the present has remained at a 
low level, averaging 3.83 fish/tow. The 1990 value of 2.23 

;~t;~~;~~:~:tis among the lowest in the time series. The three 
year classes, based on the mean catch/tow of age 0 

in the survey, were the 1963, 1975, 1985 year classes. 
The 1966, 1972, 1975, 1978, 1980, 1983 and 1985 year classes were 
also relatively strong, all with adjusted mean catch/tow of 
greater taan 6.0 fish/tow. The three most recent year classes 
(1988-1990) all appear weak, all with a mean catch/tow of less 

1. O. 

Spring NEFC bottom trawl surveys were initiated in 1968. As 
with the autumn survey, relatively high index values were 
observed from 1976 to 1979, and low values (averaging 6.59 
fish/tow) from 1982 to the present. The 1990 spring survey index 
at 7.98 fish/tow was relatively close to the 1982 to 1990 
average. 

In 1986, the Department of Fisheries and Oceans (DFO), 
Canada, initiated a bottom trawl survey on Georges Bank (Table 
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16). Details of this survey are provided in Gavaris and Van 
Eeckhaute (1991). 

Estimation of fishing mortality rates and stock size 

The ADAPT (Gavaris 1988) method of "tuning" the results of 
VPA was used to derive estimates of population abundance and 
fishing mortality (Appendix D). Canadian bottom trawl survey 
catch/tow at age and NEFC spring and autumn bottom trawl survey 
catch/tow at age indices (adjusted for gear changes) were used 
for calibrating the results of VPA. The NEFC spring survey and 
Canadian survey indices were applied to the year they were 
conducted; the NEFC autumn survey indices were lagged one year 
and ages were shifted by one year. The NEFC autumn index was 
lagged since it is conducted closer to Jan 1 of the following 
year than Jan 1 of the year it is conducted in. Mean catch at 
age 1 to 8 in the NEFC spring survey and Canadian survey and mean 
catch at age 0 to 7 (lagged one year) in the NEFC autumn survey 
were used. Commercial CPUE indices were not used in the 
calibration procedure; since the USA fishery covers only a 
portion of the stock area it was felt that commercial CPUE of the 
USA fishery could be biased with respect to the total popUlation. 
Canadian CPUE could not be used since management measures (i.e. 
trip limits; Gavaris and Van Eeckhaute 1991) imposed on the 
haddock fishery could seriously bias CPUE indices. Commercial 
catch at age 1 through 8 and 9+ formed the basis for the VPA 
calculations. 

As in previous assessments (i.e. Gavaris and Van Eeckhaute 
1991) the natural mortality rate was assumed to be 0.2. 
Instantaneous fishing mortality rates (F) on the oldest age 
group, age 8, was calculated as the "full F" for ages 4 to 7. F 
on the age 9+ group was set equal to F on the oldest true age 
(8). The parameters estimated from the ADAPT procedure were 
stock abundance at ages 1-8 and Q for the Canadian survey and the 
NEFC spring survey ages 1 to 8 and Q for the NEFC autumn survey 
ages 0 to 7. Iterative reweighting (chi-weights) were not used 
since preliminary results had very high weight associated with a 
single survey/age group combination (Canadian survey age 3). 

Results fro. ADAPT calibrations (Appendix D), showed low \ 
correlations (-0.20< r <0.05) among most parameter estimates. AS 
expected, higher correlations were observed among estimates of Q 
for the Canadian survey due to the shortness of the time series. 
Estimates of stock size at age for 1991 were significant 
(a=0.05), with c.v's ranging from 28-47%; estimates of research 
survey Q's were also significant (a=0.05) with c.v.'s ranging 
from 15-34%. CUrrently, the 1987, 1989 and 1990 year classes 
dominate the population, accounting for 85% of stock numbers. 
During the 1980's, the strongest year classes were the 1983, ~985 
and 1987 year classes, all with approximately 14-17 million fJ.sh 
at age 1 (Table 17, Figure 9). Although these year classes were I - _______ .t. 
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strong relative to the intervening year classes, they are weak 
compared to the dominant year classes of previous decades. 
During the 1970's, the 1978 and 1975 were the strongest, at 84 
and 102 million fish, respectively (Table 17, Figure 9). During 
the 1960's, the 1963 year class at 471 million fish and the 1962 
year class at 190 million fish were the two largest in the time 
series (Table 17, Figure 9). 

Estimates of total population number (age 1+) show high 
population abundance during the mid-1960's, a decline to low 
levels during the early 1970's, moderate populations levels 
during the late 1970's and early 1980's, and low population 
abundance during the remainder of the 1980's (Figure 10). F on 
fully recruited age classes (ages 4-9+) show in general a decline 
from approximately 0.5 in 1965 to 0.12 in 1974 and a subsequent 
increase in F to approximately 0.6 in 1990 (Figure 10). F on 
individual age classes shows a similar trend to that for the 
fully recruited age classes, except that F on age 1 and 2 fish 
was relatively high during the period when distant water fleets 
.were present in the fishery (Figure 11). 

A comparison of estimates of F and population abundance 
obtained using adjusted and unadjusted NEFCbottom trawl survey 
indices indicates that the correction factors applied for changes 
in gear usage have a relatively minor effect on the overall trend 
in the estimates of population abundance (Figure 11). The 
effects on estimates of F of fully recruited age classes, 
however, was larger, resulting in an apparent stabilization of F 
from approximately 1980 to the present time when the unadjusted 
survey indices are used (Figure 11). 

Yield per recruit 

Yield per recruit analyses were conducted using the partial 
recruitment vector estimated from ADAPT for 1989 and 1990. 
Results from these years were chosen because of changes in 
regulatory measures imposed by DFO, Canada during 1989. Since 
the maturity schedule and mean weight at age have shown strong 
shifts over time for this stock (Tables 10 and 11), yield per 
recruit and percent MSP analyses were conducted using data from 
three time periods: 1963-1967; 1968-1983; and 1985-1990. Results 
of these analyses (Tables 19-21; Figure 12) indicate that FO.1 is 
in the range 0.23-0.24; Fmu is in the range 0.72-0.82; and F~. 
is in the range 0.32-0.40 (Tables 19-21, Figure 12). 

Projections 

Projections were made using three levels of recruitment, 
corresponding to the geometric mean and ± 1 standard deviation of 
the recruitment for the past 5 years (Table 22, Figure 14). To 
begin the projections, numbers at age for the beginning of 1991 
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were taken from the ADAPT results. Fishing mortality for 1991 
was taken to be status quo, and projections were made using 
status quo F for 1992 and 1993, and using FO.1 and FlO"' for 1992 
and 1993. Projections to 1993 suggest a decline in landings and 
spawning stock biomass (SSB) for all choices of fishing 
mortality. only for FO.1 do SSB and landings show any 
stabilization over time. Fishing at FlO" and at status quo F 
results in a downward trend in both landings and SSB for the 
short term (Figure 14). 
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Table 1. Commercial landings (metric tons, live) of haddock from Georges 

2 

Bank and South (NAFO Division 5Z and Statistical Area 6).1 

Year USA Canada USSR Spain other Total 

1960 40800 77 0 0 0 40877 
1961 46384 266 0 0 0 46650 
1962 49409 3461 1134 0 0 54004 
1963 44150 8379 2317 0 0 54846 
1964 46512 11625 5483 2 464 64086 
1965 52823 14889 81882 10 758 150362 
1966 52918 18292 48409 1111 544 121274 
1967 34728 13040 2316 1355 30 51469 
1968 25469 9323 1397 3014 1720 40923 
1969 16456 3990 65 1201 540 22252 
1970 8415 1978 103 782 22 11300 
1971 7306 1630 374 1310 242 10862 
1972 3869 609 137 1098 20 5733 
1973 2777 1563 602 386 3 5331 
1974 2396 462 109 764 559 4290 
1975 3989 1358 8 61 4 5420 
1976 2904 1361 4 46 9 4324 
1977 7934 2909 0 0 0 10843 
1978 12160 10179 0 0 0 22339 
1979 14279 5182 0 0 0 19461 
1980 17470 10017 0 0 0 27487 
1981 19176 5658 0 0 0 24834 
1982 12625 4872 0 0 0 17497 
1983 8682 3208 0 0 0 11890 
1984 8807 1463 0 0 0 10270 
1985 4273 3484 0 0 0 7757 
1986 3339 3415 0 0 0 6754 
1987 2156 4703 0 0 0 6859 
1988 2492 4046 2 0 0 0 6538 
1989 1430 3059 0 0 0 4489 
1990 2001 3283 0 0 0 5284 

All landings 1960-1979 are from Clark et al. (1982); USA landing. 19110-
1981 are from OVerholtz et al. (1983); USA landings 1982-1991 are from 
NMFS, NBrC Detailed Weighout File. and Canvass data; Canadian landing. 
1980-1990 from Gavaris and Van Zeckhaute (1991). 

1895 ton. were excluded becau.e of suspected misreporting (GavariB and 
Van Beckbeute 1991). 
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USA sampling of commercial haddock landings for length composition 
from Georges Bank and South (NAFO Division SZ and Statistical Area 
6), 1982-1990. Eastern Georges refers to samples from areas 561, 
562, 523 and 524; Western Georges includes all samples from areas 
521,522,525,526,541,542,537,538,539 and statistical area 
6. Upper line for each year is number of samples collected; 
second line is number of fish measured; third line is landings 
(mt). 01, 02, 03, 04, denote quarters 1, 2, 3, and 4, 
respectively. 

MARKET CATEGORY 1470 MARKET CATEGORY 1475 

EASTERN GEORGES WESTERN GEORGES EASTERN GEORGES WESTERN GEORGES 

YEAR 01 02 03 04 01 02 03 04 01 02 03 04 01 02 03 04 

1982 3 9 8 4 1 4 7 7 6 7 6 3 1 4 15 4 
512 1384 961 334 162 475 748 624 329 560 263 204 57 208 819 211 

1172 1953 599 410 786 1468 1757 1014 503 887 499 220 273 284 503 247 

1983 7 9 6 5 4 12 17 5 3 9 4 4 2 5 8 2 
675 992 669 548 397 1219 1736 366 171 563 225 246 113 288 604 143 

1394 1182 393 404 557 1444 1014 587 299 452 201 123 96 215 214 73 

1984 9 7 1 5 3 3 2 3 11 4 2 1 0 1 2 3 
952 876 152 516 309 303 169 206 638 208 152 58 0 38 75 110 

1585 1541 646 313 623 1172 960 530 282 399 269 62 79 144 119 48 

1985 7 1 1 a 1 0 4 1 7 4 2 0 a 1 2 1 
175 100 106 a 98 a 339 95 441 252 102 0 a 46 100 74 
563 745 60 80 273 931 596 226 45 109 48 29 25 128 308 84 

1986 4 2 3 2 1 2 3 3 2 3 1 0 0 1 2 1 
345 205 224 169 43 184 235 314 82 193 53 a a 54 108 67 
558 453 32 31 106 287 274 159 355 733 17 10 50 159 68 29 

1987 3 4 1 3 2 1 6 2 2 7 0 1 0 0 3 1 
312 427 54 214 183 107 329 99 116 442 0 50 a a 190 50 
231 495 84 72 98 173 193 107 85 369 37 22 15 51 80 19 

1988 5 4 1 4 1 1 1 0 2 4 2 4 1 2 2 0 
498 430 118 338 21 98 94 0 98 231 106 227 33 137 113 0 
348 529 43 44 67 232 184 75 207 398 12 112 32 129 42 32 

1989 2 2 0 1 1 1 a a 4 1 1 1 0 1 7 a 
203 203 0 99 109 105 0 a 226 62 50 77 0 50 364 0 
117 274 11 31 72 166 96 44 98 195 12 45 19 75 125 45 

1990 1 5 0 1 2 0 1 a 5 5 1 2 1 1 1 1 
102 523 0 101 201 0 117 0 292 277 50 138 50 50 50 50 
187 365 14 25 117 123 171 91 136 424 17 15 80 103 90 33 
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Three-digit North Eastern statistical area with closest mean 
areas 521, 522, 525, 526, 561, 562 for the years 1984-1990. 

Market category 1470 
Most 

Year Frequent 
1984 1985 1986 1987 1988 1989 1990 

561 522 561 525 526 525 525 
525 521 525 525 561 525 
521 562 562 562 562 522 562 
525 561 522 561 561 522 525 561 
562 521 522 521 561 562 521,562 

521 521 562 521 

Market category 1475 
Most 

Year Frequent 
1984 1985 1986 1987 1988 1989 1990 

561 522 522 562 561 522 525 522 
561 521 562 561 526 521 521 521 
521 521 562 562 526 562 562 562 
522 522 561 561 522 561 525 561 

521 521 
561 561 
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YEAR 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 
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Sample size used in forming age-length keys for commercial landings of 
haddock from Georges Bank and South (NAFO Division 5Z and Statistical Area 
6), 1984-1990. Eastern Georges refers to samples from areas 561, 562, 523 
and 524; Western Georges includes all samples from areas 521, 522, 525, 
526, 541, 542, 537, 538, 539 and statistical area 6. In each year, age
length keys were formed pooling quarter 1 and quarter 2 samples. Age
length keys also included data from fish collected in NMFS bottom trawl 
surveys. 

EASTERN GEORGES WESTERN GEORGES 
QUARTER QUARTER 

1+2 3 4 1+2 3 4 

662 257 296 205 402 245 

554 202 267 541 532 212 

597 79 304 153 110 132 

616 63 0 92 95 39 

422 80 182 140 93 85 

372 24 109 88 392 145 

486 150 267 127 201 3 

411 111 77 148 231 1 

461 50 214 142 130 49 

... 
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Year 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

Yea;: 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

X!I' 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
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Commercial catch (numbers ODD's) at age of haddock 
fishery from Georges Bank and South (NAFO Division 
6) • 1882-1990. 

Catch (OOO's) 

Age Group 
1 2 3 4 5 6 7 8 9+ 
1 852 1164 2333 298 463 924 97 105 
0 53 454 432 1560 196 152 711 72 
0 81 259 664 345 1310 173 234 439 
0 384 245 80 372 173 439 56 90 
0 16 1109 137 76 121 121 226 39 
0 9 39 525 63 41 59 78 67 
0 1 506 53 541 96 48 48 20 
0 131 18 254 79 156 33 20 8 
0 5 375 117 367 84 55 17 10 

Standard error of catch at age (OOO's, 

! 2 3 4 5 6 7 8 
1.2 32.7 50.4 66.0 28.0 32.3 39.4 12.7 
0.0 6.7 19.2 22.2 38.9 16.2 12.9 26.1 
0.0 11.4 23.8 34.9 25.9 47.6 17.7 22.1 
0.0 29.4 28.0 14.7 33.6 24.8 29.3 8.6 
0.0 5.7 53.3 17.3 11.1 12.5 13.3 18.0 
0.0 5.4 5.9 17.2 6.7 5.4 6.4 6.7 
0.0 0.7 21.6 9.2 23.4 8.5 5.8 5.4 
0 .. 0 6.4 2.9 12.4 6.9 10.7 4.2 4.3 
0.0 1.7 16.4 9.3 17.3 7.8 6.2 2.9 

Coefficient of variation of catch at age 

l. a ~ ~ li 6 7 II 
86.9 3.8 4.3 2.8 9.4 7.0 4.3 13.1 

12.7 4.2 5.1 2.5 8.3 8.5 3.7 
14.1 9.2 5.2 7.5 3.6 10.2 9.4 
7.6 11.4 18.4 9.0 14.4 6.7 15.3 

34.8 4.8 12.6 14.6 10.3 10.9 8.0 
58.4 15.2 3.3 10.7 13.4 10.8 8.5 
55.5 4.3 17.4 4.3 8.9 12.0 11.2 
4.9 15.7 4.9 8.7 6.8 12.6 21.3 

34.7 4.4 8.0 4.7 9.3 11.1 16.9 

landed 

T 
I 

5Z and 
in the USA 
Statistic.I,'I 

TOTAL 
6237 
3630 
3506 
1840 
1845 

881 
1313 

700 
1031 



Table 6. 

year 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

lear 1 
1982 
1983 
1984 
1985 
1986 0.452 
1987 
1988 0.421 
1989 
1990 0.635 

Data from 
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Commercial catch (numbers OOO's) at age of haddock landed in the Canadian 
fishery from Georges Bank and South (NAFO Division SZ and Statistical Area 
6). 1982-1990. 1 

Catch (OOO's) 

Age Group 
1 2 3 4 5 6 7 8 9+ TOTAL 
0 313 469 1400 93 106 195 9 5 2590 
0 161 359 258 679 76 34 89 4 1660 
0 12 38 63 52 172 61 33 104 535 
0 2022 305 114 89 55 87 22 62 2756 
6 38 1701 86 70 52 29 40 21 2043 
0 1986 90 1088 59 32 30 28 68 3381 
4 51 1878 81 390 53 7 16 86 2566 
0 1132 68 623 64 202 13 8 37 2147 
2 7 1062 43 505 13 120 23 33 1808 

Mean weight (kg) at capture 

Age Group 
2 3 4 5 6 7 8 

1.056 1.556 1.915 2.348 2.801 2.909 3.414 
1.031 1.401 1.822 2.200 2.543 2.821 3.007 
0.883 1.401 2.010 2.257 2.770 2.918 3.326 
0.948 1.264 2.068 2.169 2.942 3.289 3.238 
0.981 1.458 2.104 2.913 2.899 3.646 4.248 
0.832 1.391 2.073 2.253 2.598 2.906 3.623 
0.974 1.315 1.787 2.234 2.264 2.978 3.036 
0.861 1.449 1. 789 2.215 2.604 2.795 3.014 
0.960 1.443 1.764 2.228 2.498 2.750 2.553 

Gavaris and Van Eeckhaute (1991). 



-
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Table 7. Total commercial catch (numbers ODD's) at age of haddock from GeOr 1 
6), 1963-1990.' g·'i~ and South (NAFO Division 5Z and Statistical Area 

Age Group 
Year 1 2 3 4 5 6 7 8 9+ TOTAL 

, 

, 

1963 2910 4047 7418 11152 8198 2205 1405 721 1096 39152 
1964 10101 15935 4554 4776 8722 5794 2082 1028 1332 54324 
1965 9601 125818 44496 5356 4391 6690 3772 1094 1366 202584 
1966 114 6843 100810 19167 2768 2591 2332 1268 867 136760 
1967 1150 168 2891 20667 10338 1209 993 917 698 39031 
1968 8 2994 709 1921 14519 3499 667 453 842 25612 
1969 2 11 1698 448 654 5954 1574 225 570 11136 
1970 46 158 16 570 186 214 2308 746 464 4708 
1971 1 1375 223 40 289 246 285 1469 928 4856 
1972 156 2 450 81 32 120 78 66 1236 2221 
1973 2560 2075 3 386 53 30 77 15 447 5646 
1974 46 4320' 657 2 70 2 2 53 249 5401 
1975 192 1034 1864 375 4 42 4 4 88 3607 
1976 144 473 550 880 216 0 23 4 112 2402 
1977 1 19585' 187 680 515 357 4 39 111 21479 
1978 1 761 14395' 305 567 517 139 14 67 16766 
1979 1 26 1726 7169 525 410 315 96 46 10314 
1980 8 31000' 347 975 6054 594 546 153 81 39758 
1981 1 1743 10998 831 937 2572 331 158 94 17665 
1982 1 1165 1633 3733 391 569 1119· 106 110 8827 
1983 0 214 813 690 2239 272 186 800 76 5290 
1984 0 93 297 727 397 1482 234 267 543 4041 
1985 0 2406 550 194 461 228 526 78 152 4596 
1986 6 54 2810 223 146 173 150 266 60 3888 
1987 0 1995 129 1613 122 73 89 106 135 4262 
1988 4 52 2384 134 931 149 55 64 106 3879 
1989 0 1263 86 877 143 358 46 28 45 2847 
1990 2 12 1437 160 872 97 175 40 43 2839 

Data 1963-1979 from Clark et al. (1982); Data 1980-1981 from Overholtz et .1. 
(1983); Data 1982-1990 current assessment and Gavaris and Van Eekhauts (19911 

Of this total, approximately 1000000 fish were added to the catch at age to 
account for high discards that occurred during 1974 (W. Overholtz, personal 
cODlDunication) • 

Of this total, approximately 12800000 fish were added to the catch at age to 
account for high discards that occurred during 1977 (W. Overholtz, personal 
coaaunication) • 

Of thiB total, approximately 5000000 fish were added to the catch at ag8 to 
account for high discards that occurred during 1978 (W. Overholtz, personal 
cOlllllunication) • 

Of this total, approximately 20000000 fish were added to the catch at age to 
account for high discards that occurred during 1980 (W. Overholtz, personal i 
cODlDunication) • 
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Table 8. Mean length and weight at age of haddock landed in the aSA fishery from 
Georges 8ank and South (NAFO Division 5Z and Statistical Area 6), 1882-
1990. 

Mean Length ( cm) 

Age Group 
Year 1 2 3 4 5 6 7 8 9+ 
1982 27.0 44.4 51.5 56.8 61.9 65.3 69.7 74.8 74.8 
1983 45.5 50.7 56.6 60.7 64.6 69.5 70.4 75.7 
1984 44.7 50.3 56.1 60.4 64.4 67.7 70.5 72.7 
1985 48.7 53.4 57.1 63.8 65.1 67.6 73.9 73.4 
1986 43.5 49.3 54.5 60.5 65.7 66.1 70.2 73.1 
1987 48.6 53.3 57.1 60.7 65.1 68.5 74.0 76.8 
1988 46.8 51.9 53.3 58.3 64.2 67.9 72.5 74.3 
1989 48.4 53.6 56.6 60.7 64.0 71.1 74.4 74.9 
1990 44.9 52.4 56.9 58.6 64.7 67.8 75.4 76.4 

Mean weight (kg) at capture 

Age Group 
Year 1 2 3 4 5 6 7 8 9+ 
1982 0.225 0.932 1.410 1.854 2.375 2.753 3.315 4.015 4.091 
1983 0.996 1.345 1.839 2.213 2.691 3.345 3.408 4.275 
1984 0.924 1.305 1.812 2.191 2.659 2.979 3.425 3.718 
1985 1.194 1.553 1.861 2.532 2.649 3.013 3.909 3.798 
1986 0.846 1.219 1.656 2.230 2.807- 2.798 3.325 3.781 
1987 1.182 1.515 1.838 2.239 2.662 3.074 3.817 4.287 
1988 1.065 1.436 1.510 1.927 2.545 2.972 3.643 3.963 
1989 1.174 1.603 1.806 2.200 2.519 3.415 3.783 3.818 
1990 0.981 1.523 1.809 1.959 2.597 2.960 4.005 4.164 
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Table 9. Mean weight (kg round weight) at age of haddock landed from ~ec)rQ' •• 
and South (NAFO Division 5Z and Statistical Area 6).1 
parentheses are averages from surrounding years~ 

Age 
Year 1 2 3 4 5 6 7 8 9+ 
1963 0.57 0.87 1.18 1.47 1.68 2.15 2.35 3.04 3.10 
1964 0.50 0.83 1.12 1.43 1.64 2.01 2.40 2.64 2.97 
1965 0.58 0.69 1.03 1.35 1.67 1.99 2.26 2.66 3.ll 
1966 0.58 0.73 0.89 1.26 1. 70 2.07 2.28 2.87 3.18 
1967 0.66 0.70 0.95 1.18 1.42 2.05 2.31 2.66 3.10 
1968 0.59 0.81 1.05 1.32 1.57 2.10 2.32 2.62 2.86 
1969 0.52 0.78 1.10 1.69 1. 75 1.99 2.52 2.99 3.63 
1970 0.71 1.27 1.22 1.93 2.19 2.39 2.58 3.23 3.75 
1971 (0.67) 1.03 1.31 1. 74 2.39 2.81 2.92 3.10 3.72 
1972 0.62 1.03 1. 74 2.04 2.42 2.92 3.06 3.44 3.66 
1973 0.60 1.03 1. 58 2.13 2.41 3.29 3.42 3.86 3.94 
1974 0.72 1.06 1.82 2.32 2.83 3.76 4.05 3.92 4.26 
1975 0.62 0.98 1.63 2.21 2.20 2.94 4.00 4.05 4.33 
1976 0.50 0.99 1.39 1.99 2.66 (3.08 ) 3.69 4.67 4.94 
1977 (0.53) 1.07 1.44 2.17 2.73 3.21 4.15 4.00 4.99 
1978 (0.53) 0.94 1. 50 2.04 2.79 3.19 3.37 3.61 5.ll 
1979 (0.53 ) 1.00 1.28 2.02 2.51 3.14 3.78 3.79 4.87 
1980 0.55 0.94 1.21 1.73 2.17 2.82 3.60 3.56 3.87 
1981 0.39 0.87 1.24 1.83 2.30 2.72 3.71 4.04 4.44 
1982 0.22 0.97 1.45 1.88 2.37 2.76 3.24 3.96 4.09 
1983 (0.33) 1.02 1.37 1.83 2.21 2.65 3.25 3.36 4.27 
1984 (0.33) 0.92 1.32 1.83 2.20 2.67 2;96 3.41 3.72 
1985 (0.33) 0.99 1.39 1.98 2.46 2.72 3.06 3.72 3.80 
1986 0.45 0.94 1.36 1.83 2.56 2.83 2.96 3.46 3.78 
1987 (0.43) 0.83 1.43 2.00 2.25 2.63 3.02 3.77 4.29 
1988 0.42 0.98 1.34 1.68 2.06 2.45 2.97 3.49 3.96 
1989 (0.53) 0.89 1.48 1. 79 2.21 2.57 3.24 3.56 3.82 
1990 0.64 0.97 1.46 1.80 2.ll 2.58 2.82 3.17 4.16 

Data"1963-1979 from Clark et al. (1982); data 1980-preBent current 
GavariB and Van !eckhaute (1991). 

Tab 
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Table 10. Mean weight at age at spawning for Georges Bank haddock. Mean weight at 
.pawning was calculated from mean weight at capture 
using the procedures described by Rivard (1980). 

in the commercial catch 

Age 
Year 1 2 3 4 5 6 7 8 9+ 
1963 0.472 0.767 1.072 1. 392 1.536 2.035 2.217 2.673 3.100 
1964 0.426 0.688 0.987 1.299 1. 553 1.838 2.272 2.491 2.970 
1965 0.517 0.587 0.925 1.230 1. 545 1.807 2.131 2.527 3.110 
1966 0.528 0.651 0.784 1.139 1.515 1.859 2.130 2.547 3.180 
1967 0.596 0.637 0.833 1.025 1.338 1.867 2.187 2.463 3.100 
1968 0.513 0.731 0.857 1.120 1.361 1. 727 2.181 2.460 2.860 
1969 0.333 0.678 0.944 1.332 1.520 1. 768 2.300 2.634 3.630 
1970 0.589 0.813 0.975 1.457 1.924 2.045 2.266 2.853 3.750 
1971 0.540 0.855 1.290 1.457 2.148 2.481 2.642 2.828 3.720 
1972 0.481 0.831 1.339 1.635 2.052 2.642 2.932 3.169 3.660 
1973 0.451 0.799 1.276 1.925 2.217 2.822 3.160 3.437 3.940 
1974 0.617 0.797 1.369 1.915 2.455 3.010 3.650 3.661 4.260 
1975 0.491 0.840 1.314 2.006 2.259 2.884 3.878 4.050 4.330 
1976 0.342 0.783 1.167 1.801 2.425 2.603 3.294 4.322 4.940 
1977 0.398 0.731 1.194 1. 737 2.331 2.922 3.575 3.842 4.990 
1978 0.386 0.706 1.267 1.714 2.461 2.951 3.289 3.871 5.110 
1979 0.398 0.728 1.097 1. 741 2.263 2.960 3.472 3.574 4.870 
1980 0.437 0.706 1.100 1.488 2.094 2.660 3.362 3.668 3.870 
1981 0.247 0.692 1.080 1.488 1.995 2.429 3.235 3.814 4.440 
1982 0.102 0.615 1.123 1.527 2.083 2.520 2.969 3.833 4.090 
1983 0.198 0.474 1.153 1.629 2.038 2.506 2.995 3.299 4.270 
1984 0.191 0.551 1.160 1. 583 2.006 2.429 2.801 3.329 3.720 
1985 0.196 0.572 1.131 1.617 2.122 2.446 2.858 3.318 3.800 
1986 0.331 0.557 1.160 1.595 2.251 2.639 2.837 3.254 3.780 
1987 0.285 0.611 1.159 1.649 2.029 2.595 2.923 3.341 4.290 
1988 0.289 0.649 1.055 1.550 2.030 2.348 2.795 3.247 3.960 
1989 0.392 0.611 1.204 1.549 1.927 2.301 2.817 3.252 3.820 
1990 0.571 0.717 1.140 1.632 1.943 2.388 2.692 3.205 4.160 
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Table 11. Parcentage mature of female Georges Bank haddock. 

-Aga 
Year 1 2 3 4+ Source 
1963 a a 78 100 Clark (1959) 
1964 a a 78 100 Clark (1959) 
1965 a a 78 100 Clark (1959) 
1966 a a 78 100 Clark (1959) 
1967 a a 78 100 Clark (1959) 
1968 a 28 76 100 Clark et a1. (1982) 
1969 a 28 76 100 Clark et a1. (1982) 
1970 a 28 76 100 Clark et a1. (1982) 
1971 a 28 76 100 Clark et a1. (1982 ) 
1972 a 28 76 100 Clark et a1. (1982 ) 
1973 a 34 92 100 Clark et al. (1982 ) 
1974 a 34 92 100 Clark et al. (1982) 
1975 a 34 92 100 Clark et a1. (1982 ) 
1976 a 34 92 100 Clark et al. (1982 ) 
1977 a 61 100 100 OVerholtz (1987) 
1978 a 26 99 100 Overholtz (1987) 
1979 a 8 71 100 OVerholtz (1987) 
1980 a 41 100 100 Overholtz (1987) 
1981 a 52 94 100 OVerholtz (1987) 
1982 a 31 67 100 OVarholtz (1987) 
1983 a 11 39 100 OVarholtz (1987) 
1984 12 33 94 100 O'Brian (pera. comm.) 
1985 26 77 97 100 O'Brian at al. (1991) 
1986 26 77 97 100 O'Brien at a1. (1991) 
1987 26 77 97 100 O'Brien at al. (1991 ) 
1988 26 77 97 100 O'Brien et al. (1991 ) 
1989 26 77 97 100 O'Brien at al. (1991) 
1990 26 77 97 100 O'Brien et a1. (1991) 



Table 12. 

Year 

1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
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Commercial CPUE indices derived from GLM analysis for Georges Bank haddock 
1964-1990. 

No interaction All interactions 
model except those 

involving year 

log. transformed log. transformed 

1. 765 5.84 1. 771 5.88 
1.500 4.48 1.520 4.57 
3.712 40.93 3.752 42.61 
2.653 14.20 2.681 14.60 
2.282 9.79 2.268 9.66 
0.517 1.68 0.527 1.69 
0.708 2.03 0.740 2.10 
0.102 1.11 0.115 1.12 
0.347 1.41 0.385 1.47 

-0.894 0.41 -0.871 0.42 
-2.852 0.06 -2.831 0.06 
-1.008 0.36 -0.997 0.37 
0.217 1.24 0.258 1.29 
2.547 12.77 2.604 13.51 
0.777 2.17 0.828 2.29 
1.007 2.74 1.056 2.87 
0.775 2.17 0.825 2.28 
2.572 13.09 2.651 14.17 
1.711 5.53 1. 755 5.78 
1.384 3.99 1.439 4.21 
1.243 3.47 1.285 3.61 
0.715 2.04 0.750 2.12 
0.571 1.77 0.589 1.80 
0.076 1.08 0.087 1.09 

-0.030 0.97 -0.009 0.99 
:"0.327 0.72 -0.314 0.73 
0.000 1.00 0.000 1.00 



Table 13. 
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Commercial CPUE indices computed from unweighted mean of cell means 
Georges Bank haddock 1964-1990. 

------------------------------------------------------
CPUE (lbsjday fished) Standardized 

CPUE 

Year TC 3 TC 4 TC 3 TC 4 
1964 28324 56257 15.83 23.96 
1965 32516 65476 18.17 27.89 
1966 32309 55015 18.05 23.43 
1967 22638 41331 12.65 17.60 
1968 20043 35450 11.20 15.10 
1969 17612 29469 9.84 12.55 
1970 9272 17090 5.18 7.28 
1971 8066 14540 4.51 6.19 
1972 5513 8662 3.08 3.69 
1973 4381 7211 2.45 3.07 
1974 3261 4419 1.82 1.88 
1975 4739 7201 2.65 3.07 
1976 3954 5153 2.21 2.20 
1977 8538 10831 4.77 4.61 
1978 11300 16099 6.31 6.86 
1979 9825 14399 5.49 6.13 
1980 8965 16076 5.01 6.85 
1981 9873 16872 5.52 7.19 
1982 6445 12695 3.60 5.41 
1983 4705 8675 2.63 3.70 
1984 4296 7311 2.40 3.11 
1985 2633 4104 1.47 1. 75 
1986 2601 5561 1.45 2.37 
1987 1865 2434 1.04 1.04 
1988 1650 3352 0.92 1.43 
1989 1254 1759 0.70 0.75 
1990 1789 2348 1.00 1.00 

1188 
\189 
1990 
1991 

!.m..-
1988 
1985 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1988 
1987 
1988 
1989 
19!!O 
1991 

-
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Stratified mean catch per tow (numbers) for haddock in NEF:C of"fshore spring 
research vessel bottom trawl surveys on Georges Bank (Strata 13-25, 29-30), 1968-
1990. 

Unadjusted for changes in gear usage 

Age group 

1.90 0.31 0.30 0.23 9.29 S.29 
0.00 0.05 0.39 0.17 0.28 2.84 0.69 0.19 0.31 4.92 4.92 
0.00 0.17 0.00 0.22 0.31 0.31 1.34 0.66 0.57 4.03 4.03 
0.00 0.78 0.17 0.00 0.08 0.08 0.06 0.55 0.15 1.87 1.87 
0.00 2.70 0.06 0.41 0.08 0.02 0.03 0.09 0.02 0.87 4.28 4.28 
0.00 20.59 3.25 0.00 0.38 0.06 0.00 0.12 0.01 0.88 25.25 25.25 
0.00 1.43 8.92 1.92 0.00 0.16 0.00 0.01 0.07 0.25 12.78 12.76 
0.00 0.83 0.65 2.23 0.42 0.00 0.09 0.08 0.01 0.10 4.19 4.19 

0.00 54.22 0.20 0.40 0.82 0.29 0.00 0.03 0.00 0.07 55.83 55.83 
0.00 0.41 22.42 0.28 0.82 0.40 0.30 0.00 0.03 0.08 24.74 24.74 

0.00 0.05 0.65 10.69 0.24 0.83 0.55 0.11 0.04 0.07 13.03 13.03 
0.00 24.24 1.08 0.78 3.83 0.22 0.11 0.25 0.04 0.03 30.54 30.54 
0.00 3.49 31.34 0.34 0.70 3.27 0.45 0.25 0.31 0.18 40.31 40.31 
0.00 2.70 2.69 15.95 1.79 0.62 1.46 0.20 0.09 0.04 25.54 25.54 

0.00 0.62 1.25 0.77 3.33 0.34 0.23 0.50 0.00 0.00 7.04 7.04 
0.00 0.29 0.37 0.39 0.15 1.62 0.01 0.03 0.78 0.12 3.76 3.76 
0.00 1.40 0.79 0.43 0.42 0.39 0.48 0.05 0.03 0.20 4.19 4.19 
0.00 0.00 4.98 0.78 0.40 0.87 0.34 1.17 0.10 0.25 8.85 8.85 

0.00 2.49 0.18 2.08 0.24 0.11 0.21 0.12 0.33 0.11 5.85 5.85 
0.00 0.00 3.62 0.06 0.81 0.08 0.10 0.05 0.22 0.Q1 4.95 4.95 

0.00 1.55 0.04 0.99 0.13 0.32 0.12 0.11 0.12 0.00 3.38 3.38 
0.00 0.03 4.28 0.55 0.87 0.17 0.50 0.07 0.08 0.01 6.52 6.52 

0.00 1.05 0.00 6.97 0.40 0.71 0.07 0.18 0.00 0.01 9.37 9.37 

0.00 0.88 1.30 0.29 2.28 0.11 0.12 0.03 0.05 0.02 4.84 4.84 

Adiu.ted for change. in ge.r u.ege 

0.00 0.44 3.10 0.51 7.38 1.85 0.28 0.49 0.38 7 
0.00 0.00 0.08 0.84 0.28 0.48 4.84 1.13 0.31 0.51 8.03 

0.00 0.73 0.28 0.00 0.38 0.51 0.51 2.19 1.08 0.93 8.58 8.58 

0.00 0.00 1.27 0.28 0.00 0.13 0.13 0.10 0.90 0.24 3.05 3.05 

0.00 4.41 0.10 0.87 0.13 0.03 0.05 0.15 0.03 1.42 8.99 6.99 

0.00 33.82 5.31 0.00 0.59 0.10 0.00 0.20 0.02 1.40 41.23 41.23 

0.00 2.34 14.57 3.14 0.00 0.28 0.00 0.02 0.11 0.41 20.84 20.84 

0.00 1.03 1.08 3.84 0.89 0.00 0.15 0.10 0.02 0.18 6.84 8.84 

0.00 88.54 0.33 0.85 1.01 0.47 0.00 0.05 0.00 0.11 91.17 91.17 

0.00 0.87 38.81 0.48 1.34 0.85 0.49 0.00 0.05 0.13 40.40 40.40 

0.00 O.Da 1.08 17.48 0.39 1.03 0.90 0.18 0.07 0.11 21.28 21.28 

0.00 39.58- 1.73 1.24 8.25 0.38 0.18 0.41 0.07 0.05 49.87 49.87 

0.00 5." 51.1' 0.58 1.14 5.34 0.73 0.41 0.51 0.28 85.83 85.83 

0.00 3.7' 3.74 22.19 2.49 0.88 2.03 0.28 0.13 0.08 35.53 35.53 

0.00 0.8' 1.74 1.07 4.83 0.47 0.32 0.70 0.00 0.00 9.79 9.79 

0.00 0.47 0.80 0.84 0.24 2.85 0.02 O.OS 1.27 0.20 8.14 8.14 

0.00 2.29 1.2' 0.70 0.89 0.84 0.78 0.0' O.OS 0.33 8.84 8.84 

0.00 0.00 4.98 0.78 0.40 0.87 0.34 1.17 0.10 0.25 8.85 8.85 

0.00 2.48 0.18 2.08 0.24 0.11 0.21 0.12 0.33 0.11 5.85 5.85 

0.00 0.00 3.82 0.08 0.81 0.08 0.10 0.05 0.22 0.01 4.95 4.95 

0.00 1.55 0.04 0.98 0.13 0.32 0.12 0.11 0.12 0.00 3.38 3.38 

0.00 0.03 3.83 0.47 0.74 0.14 0.43 0.08 O.OS 0.01 5.58 5.58 

0.00 0.89 0.00 5.94 0.34 0.80 0.08 0.14 0.00 0.01 7.98 7.98 

0.00 0.58 1.11 0.2S 1.93 0.0' 0.10 0.03 0.04 0.02 4.13 4.13 



Table 15. 

Year 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

Year 
1963 
1964 
1965 
1968 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1988 
1987 
1988 
1989 
1990 
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Stratified mean catch per tow (numbers) for haddock in NEFC offshore autum 
research vessel bottom trawl surveys on Georges Bank (Strata 13-25, 29-30)n, 
1963-1990. 

Unadjusted for changes in gear usage 

Age group 
0 1 3 4 5 6 7 8 9+ Total 

56.33 17.04 6.19 4.57 5.60 3.99 1.37 1.13 0.79 0.31 97.32 
1.59 75.75 42.78 3.91 1.20 2.56 1.05 0.46 0.17 0.22 129.69 
0.22 6.82 51.94 6.51 0.72 0.54 0.61 0.54 0.17 0.18 68.25 
4.12 0.64 1.94 12.34 2.25 0.35 0.33 0.22 0.08 0.05 22.32 
0.02 4.51 0.24 0.67 4.54 1.09 0.33 0.14 0.22 0.12 11.88 
0.06 0.04 0.64 0.09 0.22 2.59 0.85 0.18 0.11 0.26 5.04 
0.26 0.02 0.00 0.19 0.09 0.11 1.02 0.34 0.06 0.18 2.27 
0.03 2.77 0.14 0.01 0.19 0.18 0.34 0.92 0.32 0.27 5.17 
1.63 0.00 0.21 0.05 0.01 0.15 0.02 0.06 0.50 0.19 2.82 
4.53 1.69 0.00 0.35 0.06 0.00 0.06 0.04 0.02 0.87 7.62 
2.17 6.04 1.08 0.00 0.13 0.03 0.00 0.05 0.01 0.48 9.99 
0.50 1.19 0.66 0.21 0.00 0.01 0.00 0.00 0.00 0.15 2.72 

15.76 0.42 0.48 3.26 0.62 0.00 0.02 0.00 0.01 0.20 20.77 
2.90 43.07 0.35 0.36 0.55 0.20 0.00 0.03 0.07 0.17 47.70 
0.11 1.75 15.33 0.46 0.47 0.52 0.28 0.03 0.01 0.07 19.03 

10.82 0.69 0.85 7.59 0.15 0.21 0.37 0.01 0.00 0.01 20.70 
1.08 37.29 0.03 0.74 3.12 0.21 0.23 0.04 0.01 0.00 42.75 
9.56 2.22 10.41 0.37 0.15 1.39 0.39 0.38 0.07 0.05 24.99 
0.31 5.02 1.70 3.03 0.17 0.34 0.43 0.00 0.00 0.01 11.01 
0.91 0.00 0.89 0.23 0.94 0.09 0.05 0.14 0.01 0.07 3.33 
3.89 0.16 0.14 0.18 0.20 0.63 0.08 0.00 0.07 0.01 5.36 
0.02 2.23 0.59 0.16 0.19 0.04 0.30 0.00 0.00 0.08 3.81 

11.35 0.65 1.53 0.22 0.05 0.10 0.07 0.17 0.00 0.05 14.19 
0.00 5.11 0.09 1.21 0.06 0.13 0.13 0.02 0.03 0.03 6.81 
1.8.0 0.00 0.79 0.10 0.77 0.06 0.06 0.02 0.02 0.00 3.62 
0.07 3.02 0.18 1.30 0.12 0.40 0.12 0.11 0.00 0.03 5.35 
0.57 0.06 3.30 0.24 0.81 0.11 0.16 0.02 0.02 0.00 5.29 
0.94 0.82 0.03 1.45 0.05 0.21 0.05 0.00 0.00 0.00 3.56 

Adjusted for changes in gear usage 

a 1 3 4 5 8 7 8 9+ Total 
91.98 27.83 10.11 7.46 9.14 8.52 2.24 1.85 1.29 0.51 158.92 

2.60 123.70 69.85 6.39 1.95 4.18 1.71 0.75 0.28 0.36 211.78 
0.38 11.14 84.82 10.83 1.18 0.88 1.00 0.88 0.28 0.29 111.45 
8.73 1.05 3.17 20.15 3.57 0.57 0.54 0.35 0.13 0.08 36.45 
0.03 7.36 0.39 1.09 7.41 1.78 0.54 0.23 0.35 0.20 19.40 
0.10 0.07 1.05 0.15 0.35 4.23 1.39 0.29 0.18 0.42 8.23 
0.42 0.03 0.00 0.31 0.15 0.18 1.67 0'.55 0.10 0.29 3.71 
0.05 4.52 0.23 0.02 0.31 0.29 0.58 1.50 0.52 0.44 8.44 
2.68 0.00 0.34 0.08 0.02 0.24 0.03 0.10 0.82 0.31 4.61 
7.40 2.78 0.00 0.57 0.10 0.00 0.10 0.07 0.03 1.42 12.44 
3.54 9.88 1.76 0.00 0.21 0.05 0.00 0.08 0.02 0.78 16.31 
0.82 1.94 1.01 0.34 0.00 0.02 0.00 0.00 0.00 0.24 4.44 

25.74 0 •• 0.71 5.32 1.01 0.00 0.03 0.00 0.02 0.33 33.92 
4.74 70.31 0.57 0.59 0.90 0.33 0.00 0.05 0.11 0.28 77.89 
0.15 2.43 21.32 0.84 0.55 0.72 0.39 0.04 0.01 0.10 28.47 

15.05 0.98 1.1. 10.58 0.21 0.29 0.51 0.01 0.00 0.01 28.79 
1.50 51 .• 7 0.04 1.03 4.34 0.29 0.32 0.08 0.01 0.00 59.47 

13.30 3.09 14.41 0.51 0.21 1.93 0.54 0.53 0.10 0.07 34.76 
0.43 6.98 2.36 4.21 0.24 0.47 0.80 0.00 0.00 0.01 15.31 

1.49 0.00 1.45 0.38 1.54 0.15 0.08 0.23 0.02 0.11 5.44 
6.35 0.28 0.23 0.29 0.33 1.03 0.13 0.00 0.11 0.02 8.75 

0.03 3.54 0.95 0.28 0.31 0.07 0.48 0.00 0.00 0.13 5.90 

11.35 0.65 1.53 0.22 0.05 0.10 0.07 0.17 0.00 0.05 14.19 

0.00 5.11 0.09 1.21 0.05 0.13 0.13 0.02 0.03 0.03 8.81 

1.08 0.00 0.79 0.10 0.77 0.08 0.05 0.02 0.02 0.00 3.62 

0.07 3.02 0.18 1.30 0.12 0.40 0.12 0.11 0.00 0.03 5.35 

0.49 0.05 2.81 0.20 . 0.58 0.09 0.14 0.02 0.02 0.00 4.51 

0.80 0.70 0.03 1.24 0.05 0.1. 0.04 0.00 0.00 0.00 3.03 

T, 

~/ 

1 
1{ 
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Stratified mean catch per tow (numbers) for haddock in Canadian offshore research 
vessel bottom trawl surveys on Georges Bank, 1986-1990. I 

Age group 

0.00 4.08 0.22 6.05 1.07 0.19 0.29 0.34 0.37 0.42 13.01 13.01 
0.00 0.03 3.04 0.89 2.51 0.87 0.08 0.30 0.10 0.88 8.28 8.28 
0.00 1.47 0.05 8.50 0.17 2.88 0.18 0.17 0.11 0.50 14.03 14.03 
0.00 0.03 5.20 0.07 2.05 0.18 0.42 0.03 0.03 0.23 8.24 8.24 
0.00 0.93 0.11 9.88 0.13 3.38 0.23 1.09 0.13 0.34 18.18 16.18 
0.00 0.78 1.68 0.14 8.92 0.11 1.58 0.09 0.44 0.19 13.91 13.91 

personal communication. 
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Table 17. Estimates of population abundance (000' s) at age of Georges Bank had' 
from ADAPT. 

!' 

--Age Group 
1 2 3 4 5 6 7 8 9 Total 1+ 

1963 190696 32265 32742 45819 29030 9186 5595 2794 4217 352346 
1964 471862 153496 22755 20095 27423 16350 5526 3309 4251 72 5066 
1965 33152 377188 111253 14509 12131 14560 8144 2640 3258 576836 
1966 4136 18455 194971 50825 7033 5959 5867 3254 2201 292702 
1967 12948 3283 8918 68412 24269 3254 2534 2694 2031 128343 
1968 422 9560 2536 4686 37311 10515 1570 1176 2163 69939 
1969 988 338 5118 1435 2098 17410 5443 682 1711 35224 
1970 4658 807 267 2654 769 1126 8867 3032 1873 24054 
1971 368 3772 518 204 1657 462 728 5171 3241 16121 
1972 8508 300 1844 222 131 1095 155 338 6301 18896 
1973 19403 6825 244 1103 109 78 788 57 1676 30282 
1974 10521 13569 3710 197 554 41 37 576 2695 31900 
1975 7634 8572 7201 2443 160 390 32 28 621 27081 
1976 103025 6077 6083 4209 1661 127 281 22 622 122106 
1977 13704 84219 4547 4483 2650 1164 104 209 593 111673 
1978 6018 11219 51232 3554 3055 1703 630 82 388 77881 
1979 83600 4926 8497 28920 2634 1988 927 390 186 132067 
1980 10011 68445 4010 5395 17191 1681 1257 474 249 108712 
1981 7112 8189 27988 2969 3535 8597 839 535 316 60079 
1982 2423 5822 5128 12963 1679 2046 4711 387 399 35558 
1983 2849 1983 3712 2721 7236 1021 1160 2845 268 23794 
1984 16570 2333 1430 2304 1603 3898 590 782 1575 31084 
1985 1521 13566 1826 902 1228 953 1851 271 524 22642 
1986 14253 1245 8930 997 563 588 574 1039 233 28423 
1987 970 11664 971 4769 615 329 325 334 422 20398 
1988 17153 794 7744 678 2445 393 203 186 305 29901 
1989 320 14040 603 4183 434 1159 187 116 186 21229 
1990 4573 262 10352 416 2632 226 625 111 118 19316 
1991 4149 3743 204 7176 196 1366 97 354 113 17396 

I 
1 



,'<71:H 
I' 

, I 

28 
jl 

Table 18. Estimates of instantaneous fishing mortality (F) at age of 
Georges Bank haddock from ADAPT. 

1 

I , 

Age Group 
1 2 3 4 5 6 7 8 9 

1963 0.02 0.15 0.29 0.31 0.37 0.31 0.33 0.34 0.34 
1964 0.02 0.12 0.25 0.30 0.43 0.50 0.54 0.42 0.42 
1965 0.39 0.46 0.58 0.52 0.51 0.71 0.72 0.61 0.61 
1966 0.03 0.53 0.B5 0.54 0.57 0.66 0.58 0.56 0.56 
1967 0.10 0.06 0.44 0.41 0.64 0.53 0.57 0.47 0.47 
1968 0.02 0.42 0.37 0.60 0.56 0.46 0.63 0.55 0.55 
1969 0.00 0.04 0.46 0.42 0.42 0.47 0.39 0.45 0.45 
1970 0.01 0.24 0.07 0.27 0.31 0.24 0.34 0.32 0.32 
1971 0.00 0.52 0.65 0.24 0.21 0.89 0.57 0.38 0.38 
1972 0.02 0.01 0.31 0.52 0.32 0.13 0.81 0.24 0.24 
1973 0.16 0.41 0.01 0.49 0.78 0.55 0.11 0.35 0.35 
1974 0.00 0.43 0.22 0.01 0.15 0.06 0.06 0.11 0.11 
1975 0.03 0.14 0.34 0.19 0.03 0.13 0.15 0.17 0.17 
1976 0.00 0.09 0.11 0.26 0.16 0.00 0.09 0.22 0.22 
1977 0.00 0.30 0.05 0.18 0.24 0.41 0.04 0.23 0.23 
1978 0.00 0.08 0.37 0.10 0.23 0.41 0.28 0.21 0.21 
1979 0.00 0.01 0.25 0.32 0.25 0.26 0.47 0.32 0.32 
1980 0.00 0.69 0.10 0.22 0.49 0.50 0.65 0.44 0.44 
1981 0.00 0.27 0.57 0.37 0.35 0.40 0.57 0.40 0.40 
1982 0.00 0.25 0.43 0.38 0.30 0.37 0.30 0.36 0.36 
1983 0.00 0.13 0.28 0.33 0.42 0.35 0.20 0.37 0.37 
1984 0.00 0.05 0.26 0.43 0.32 0.55 0.58 0.47 0.47 
1985 0.00 0.22 0.40 0.27 0.54 0.31 0.38 0.38 0.38 
1986 0.00 0.05 0.43 0.28 0.34 0.39 0.34 0.33 0.33 
1987 0.00 0.21 0.16 0.47 0.25 0.28 0.36 0.43 0.43 
1988 0.00 0.08 0.42 0.25 0.55 0.54 0.36 0.48 0.48 
1989 0.00 0.10 0.17 0.26 0.45 0.42 0.32 0.31 0.31 
1990 0.00 0.05 0.17 0.55 0.46 0.64 0.37 0.51 0.51 
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Table 19. Yield per recruit analysis for Georges Bank haddock using t 
and weight at age data from 1963-1967. rna urity 

The HEFC YIeld .nd Stock S,ze per Recru1t Progra. - POBYPRC 
PC Ver.l.l OI.thod of Thompson and Bell (1934)] I·OCT·I991 

Run Dot.: 28· 1-1992; Time: 14:21:51.58 
GEORGES BANK HADDOCK MATURITY 1963-1967 

Proportion aT F before spawning: .2500 
Proportion of M before spawning: .2500 
Natural Mortality is Constant at: .ZOO 
Initial age is: 1; last age is: 9 
Last age is a PLUS group; 
Original age-specific Pits, Mats, and Mean ~ts from file: 
::> HADD1.DAT 

Age-specific Input date for Yield per Recruit AnIIl-ysis 

Age I Fish Mort Nat Mort I Proportion I Average Weights 
Pattern Pattern Mature Stock Catch 

1 
2 
3 
4 
5 
6 
7 
8 
9+ 

.0005 
_1758 
.4031 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

.0000 

.0000 

.7800 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

Sunnary of Yield per Recruh Analysis for: 
GEORGES BANK HADDOCK MATURITY 1963-1967 

.508 

.666 

.920 
1.217 
1.497 
1.881 
2_187 
2.540 
3.092 

.578 

.764 
1.034 
1.338 
1.622 
2.054 
2.320 
2.774 
3.092 

Slope of the Yield/Recruit Curve at F=O.OO: •• > 6.73i3 
F level ot slope-l/l0 of the above slope (FO.l): -----. .233 

Yield/Recruit corresponding to FO.l: -----. .5654 
F level to produce Maximum Yield/Recruit (Fmex): -----. .819 

YieldtRecruit corresponding to F.ax: ___ we> .6470 
F level ot 30 X of Mox Spawning Potentiol (F30): -----. .320 

SSe/Recruit corresponding to FlO: .-------. 2.~7 

listing of Yield per Recruit Result. for: 
GEORGES BAlIK HADDOCK MATURITY 1963-1967 
~~~ .... -~~-~------~ .. ----------.------.----.------------------------.-.. _---
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Table 20. Yield per recruit analysis for Georges Bank haddock using maturity 
and weight at age data from 1968-1983. 

The NEfC 'leld iI'1d Stock Sue per Recrult Progr8111 ~ PDBYPRC 
PC Ver.l.l D40thod of Thaopson and Bell (1934)] 1·OCT·1991 

Run Dote: 28· 1·1992; Ti .. : 14:22:30.63 
GEORGES BANK HADDOCK MATURITY 1968·1983 

Proportion of F before spaW'I1ng: .2500 
proportion of '" before spa..,ing: .2500 
Natural Mortality is Constant at: .200 
InitiaL age is: 1; Last age is: 9 
Last age is • PLUS group: 
Original 8ge&specific PRs, Mats. and Mean ~ts from file: 
==> HA002.0AT 

Age·specHic Input data for Yield per Recruit Analysis 

Age I Fish Mort Nat Mort I Proportion I Average Weights 
Pattern Pattern Mature Stock Catch 

1 
2 
3 
4 
5 
6 
7 
8 
9+ 

.0005 

.1758 

.4031 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

.0000 

.3200 

.8200 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

SUllMry of Yield per Recr-uit Analysis for: 
GEORGES BANK HADDOCK MATlJltlTl 1968·1983 

.408 

.736 
1.159 
1.623 
2.102 
2.558 
3.075 
3.457 
4.171 

.539 

.987 
1.396 
1.929 
2.344 
2.861 
3.354 
3.638 
4.171 

Slope of the Yield/Recruit Curve at FcO.oo: .. > 9.2776 
F level ot Ilope=l/10 of the above alope (FO.l): ..... > .235 

Yield/Recru; t correspon:ting to FO.1: -----> .7915 
F level to produce Maxi .. Yield/Recruit (Fax): .... ---> .723 

Yield/Recruit corresponding to F.ax: ••••• > .9048 
F level at 30 X of Max Spawning Potantiol (F30): •••.. > .339 

SSB/Recruit corresponding to FlO: ••••••.. > 2.8624 

Listing of Yield per Recruit Results for: 
GEORGES BANK HADDOCIC MATURITY 1968·1983 

FMORT TOTCTHI TOTCTHW TOTST!» TOTSTKW SPISTKM SPlSTKW X MSP 

.000 .00000 .00000 5.5167 10._ 3.65ZO 9.5412 100.00 

.050 .12517 .34904 4._ 1.6786 3.0Z85 7.2Jl!J7 76.10 

.100 .20922 .550n 4.4756 7.1946 2.6106 5.1010 60.10 

.150 .26976 .67425 4.1752 6.1733 2.3101 4.1005 50.31 

.200 .31561 .75296 3.9483 5.4349 2.0831 4.07'll 42.76 
FO.l .235 .34117 .79147 3.1115 5.0214 1.9534 3.6844 38.62 

.250 .BI64 .10450 3.7703 4.1105 1.9052 3.5408 37.11 

.300 .- .13117 3.6267 4.4517 1.7616 3.1252 32.75 
F30X .339 ..... .15775 3.5321 4.1797 1.6671 2.8624 30.00 

.350 .401095 .- 3.SOIO 4.1117 1.6430 2.7'961 29.31 

.400 .42516 .17777 3.4010 3.1365 1.5432 2.5319 26.54 

.450 .442IS .1U37 3.3225 3.60ge 1.4579 2.3143 24.26 

.500 .45104 .1IP543 3.2413 3.4202 1.3139 2.1327 22.35 

.550 .47142 .89999 3.1832 3.2594 1.3191 1.9792 ZO.74 

.600 .41330 .90276 3.1255 3.1214 1.2611 1.1479 19.37 

.650 .49395 .90425 3.0739 3.0017 1.2106 1.7342 11.11 

.700 .50357 .90481 3.0274 2.1969 1.1645 1.6350 17.14 
F_ .723 .50769 .- 3.0075 2.1530 1.1448 1.5935 16.70 

.750 .51231 .90469 2.9852 2.1043 1.12211 1.5476 16.22 

.I!OO .52032 .90407 2.9467 2.n19 1.0II4II 1.4700 15.41 

.150 .52761 .90301 2.9113 2.6411 1.0499 1.4007 14.61 

.900 .53449 .90112 2.1717 2.5114 1.0179 1.3313 14.03 

.950 .54081 .90036 2._ 2.5209 .9812 1.2119 13.43 
1.000 .54670 .19876 2.1203 2.4658 .9607 1.2305 12.90 ....... __ .... _-_. __ ... _ ...... _-_. __ . __ ..... --------_.-----_ ....... _---------
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Table 21. Yield per recruit analysis for Georges Bank haddock using matur 
and weight at age data from 1985-1990. 

The NEFC yiela .na Stock Size per Recruit Progr ... POBYPRC 
PC Var.1.1 [Method of ThOlllpSon ord Bell (1934)] HlCT-I991 

Run Date: 28- 1'1992; Time: 14:23:09.41 
GEORGES BANK HAOOOCX MATURITY 1985-1990 

Proportion of F before Spawn1ng: .2500 
Proportion of M before spawning: .2500 
Natural Mortality is Constant at: .200 
Initial age is: 1; Last age is: 9 
last age is I PLUS group; 
Original age-specific PRs, Mats, and Mean wes from file: 
==> HADD3.DAT 

Age-specific Input data for Yield per Recruit Analysis 

Age I Fish Mort Nat Mort I Proportion I Average Weights 
Pattern Pattern Mature Stock Catch 

1 
2 
3 
4 
5 
6 

.7 
8 
9+ 

.0005 

.1758 

.4031 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

.2600 

.7700 

.9700 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

SUllllllry of Yield per Recruit Analysis for: 
GEORGES IlAHK HADDOCK MATURITY 1985-1990 

.344 

.620 
1.142 
1.599 
2.050 
2.453 
2.820 
3.270 
3.968 

.467 

.933 
1.410 
1.847 
2.275 
2.630 
3.012 
3.528 
3.968 

Slope of the Yield/Recruit CUrve at FoG.OO: ••• 8.8052 
F level at slope-l/l0 of the above slope (FO.l): -----. .240 

Yield/Recruit corresponding to FO.l: --.--. .7584 
F level to produce Maxi ... Yield/Recruit (F ... ): -----. .819 

Yield/Recruit corresponding to F ... : -.--.. .8729 
F level at 30 X of Max Spawning Potential (F30): .----. .395 

SSB/Reerult corresponding to FlO: •• ------. 2.8530 

Listing of Yield per Recruit Result. for: 
GEORGES IlAHK IIADOOC1( ""TURITY 1985-1990 

F_T TOTCTHI TOTCTHI/ TOTSTKI TOTSTItV Sl'tlSTKI SPIISTItV XMSP 
----------------------------------------------------------------------------

.000 .00000 .00000 5.5167 10.3935 4.3454 9.5115 100.00 

.050 .12517 .33131 4.8934 8.1989 3.7199 7.3420 77.19 

.100 .20922 .52319 4.4756 6.78aI 3.2991 5.9527 62.58 

.150 .26976 .64111 4.1752 5.8183 2.9973 4.9995 52.56 

.200 .31561 .71671 3.94&5 5.1164 2.7683 4.3121 45.34 
FO.l .240 .34519 .75836 3.8022 4.6819 2.6206 3.8877 40.87 

.250 .35164 .76667 3.7703 4.5892 2.5813 3.7972 39.92 

.300 .- _11*4 3.6267 4.1811 2.4427 3.3995 35.74 

.350 ."'" .82365 3.se. 3.8512 2.3222 3.0845 32.43 
Flex .395 .~ .13141 3.4113 3.61. 2.2299 2.8530 30.00 

.400 .... .fIl'1T7 3.4010 3.5948 2.2204 2.8297 29.75 

.450 .... .151~ 3.3225 3.3715 2_1331 2.6199 27.54 

.500 .45884 .115890 3.2413 3.1972 2.0513 2.4444 25.70 

.550 .4714Z .86435 3.1832 3.0433 1.9906 2.2955 24.13 

.600 .48330 .86805 3.1255 2.9111 1.9313 2.1677 22.79 

.650 .49395 .87047 3.0139 2.7962 1.8712 2.0567 21.62 

.700 .50357 .87194 3.0274 2.6955 1.83GS 1.9595 20.60 

.750 .51231 .81269 2.9152 2.6064 1.7168 l.m5 19.70 

.800 .52032 .87291 2.9467 2.5270 1.7469 1.i970 18.89 
F ... .819 .52316 .8721l1 2.9331 2.4993 1.7321 1.7703 18.61 

.850 .52768 .8nT!. 2.9113 2.4557 1.71OS 1.7213 18.17 

.900 .53449 .87221 2.8717 2.3913 1.6764 1.6663 17.52 

.950 .S4OIl .87145 2.8484 2.3328 1.6450 1.6099 16.93 
1.000 .54670 .87051 2.8203 2.2793 1.6157 1.5515 16.39 

----------------------------------------------------------------------------
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Table 22. Projections for Georges Bank haddock using partial recruitment 
from 1989-1990 and maturity and mean weight at age schedules from 
1985-1990. 

Landings (MTl SSB (MT} 
Recruitment F(1992,1993} 1991 1992 1993 1991 1992 1993 

- 1 STD 0.51 7363 5163 4351 16545 13355 10860 
Average 0.51 7363 5163 4454 16545 13503 11637 
+ 1 STD 0.51 7363 5163 4677 16545 13821 13317 

- 1 STD 0.24 7363 2708 2773 16545 14073 13612 
Average 0.24 7363 2708 2823 16545 14221 14397 
+ 1 STD 0.24 7363 2709 2930 16545 14539 16094 

- 1 STD 0.40 7363 4229 3853 16545 13643 11886 
Average 0.40 7363 4230 3935 16545 13790 12666 
+ 1 STD 0.40 7363 4230 4111 16545 14109 14353 
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Figure 1. Mean length (cm) at age of haddock sampled in the spring and 
autumn NEFC bottom trawl surveys on Eastern Georges Bank (areas 
561, 562, 551, 552, 523, 524) and Western Georges Bank (areas 521, 
522, 525, 526, 541, 542, 537, 538, 539 and Statistical Area 6), 
1982-1990. 
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Quarterly mean age at length (cm) of haddock sampled from the USA 
commercial catch, 1984. Eastern refers to areas 561 and 562; 
Western refers to areas 521, 522, 525, 526, 541, 542, 537, 538, 
539, and Statistical Area 6. 
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Figure 3. Quarterly mean age at length (cm) of haddock sampled from the USA 
commercial catch, 1985. Eastern refers to areas 561 and 562; 
Western refers to areas 521, 522, 525, 526, 541, 542, 537, 538, 
539, and Statistical Area 6. 
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Quarterly mean age at length (em) of haddock sampled from the USA 
commercial catch, 1986. Eastern refers to areas 561 and 562; 
Western refers to areas 521, 522, 525, 526, 541, 542, 537, 538, 
539, and Statistical Area 6. 
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Figure 5. Quarterly mean age at length (em) of haddock sampled from the US~ 
commercial catch, 1987. Eastern refers to areas 561 and 562; 
western refers to areas 521, 522, 525, 526, 541, 542,,537, 538, 
539, and Statistical Area 6. 
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Figure 6. Quarterly mean age at length (cm) of haddock sampled from the USA 
commercial catch, 1988. Eastern refers to areas 561 and 562; 
Western refers to areas 521, 522, 525, 526, 541, 542, 537 , 538, 
539, and Statistical Area 6. 
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Figure 7. 
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Catch per unit effort indices for the USA commercial otter trawl 
fishery, 1964-1990. Index values are standardized as ratios of 
the 1990 catch (1990=1.0). GLM refers to CPUE index computed from 
a General Linear Model of CPUE with no interaction terms and 
including quarter, area and tonnage class as main effects. TC 3 
refers to unweighted mean of cell means for tonnage class 3 boats, 
where cell means are quarter/area/year combinations. TC 4 refers 
to the same for tonnage class 4 boats. 
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Figure 8. 
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Stratified mean catch/tow (numbers) of age I+ haddock in the NEFC 
sprinq and autumn bottom trawl survey. on Georges Bank (Strata 13-
25, 29-30). 
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Figure 9. Year class strength (at age 2) of Georges Bank haddock, 1961-1989, 
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Figure 11 . 
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Trends in F at age estimated using ADAPT for Georges Bank haddock, 1963-1990. 
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Figure 12. Comparison of estimates of F on fully recruited age groups (ages 4-
9) and population abundance (age 1+) derived from ADAPT using 
adjusted (for gear changes) and unadjusted NEFSC research vessel 
survey indices. 
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Three-year projections of landings and spawning stock biomass for Georges Bank-haddock 
using average recruitment and mean weight and partial maturity vectors from 1985·1990. 
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Appendix A. Estimates of correction factors used to account 
for changes in survey gear, including vessels, 
nets and doors. 

Introduction 

Since the inception of the NMFS/NEFC bottom trawl survey 
series several changes in the gear configuration have been made. 
Within the time series the gear configuration has included: 

1. 

2. 

3. 

Use of BMV oval doors from 1963-1984 and Portuguese 
polyvalent doors from 1985-present 

Use of a 36 Yankee net in all surveys except the spring 
surveys conducted from 1973-1981 when a 41 Yankee net 
was used. 

From 1963 to the present, the Albatross IV has 
performed most of the surveys. Beginning in 1977, 
however, the Delaware II has performed approximately 
50% of the cruise/area combinations. 

To account for these changes in gear use, several gea: 
comparison cruises have been conducted. These gear compar~son 
cruises have focused primarily on the effects that vessel and 
door used have on catch. These experiments were designed as 
matched-pair experiments where tows using one gear configuration 
were approximately replicated in space and time of day with the 
alternative gear being studied. 

A limited set of experiments have been conducted to evaluate 
the difference in fishing power of the 36 Yankee net versus the 
41 Yankee net. These experiments, however, were mostly conducted 
in Southern New England where the catch of haddock was very low. 
Because of this, the effects of changes in net usage have been 
analyzed using intervention analysis. 

Methods 

In the matched-paired experiments, conversion coefficients 
were esti.ated as the ratio in mean catch (numbers) with one gear 
(the standard) to the alternative gear. These ratios were 
computed using the following formula from Cochran (1977): 

R=-R=-f 

i 

~_l 



The variance of this estimate was approximated as (Cochran 1977): 

s (R) = 1 ";Ey2 -2R Eyx + R"2Ex2 
;nx n-1 

Before computation of these estimates, the data were filtered to 
include only those pairs of tows where at least one haddock was 
captured. This filtering was used in order to avoid artificially 
inflating sample size by the inclusion of pairs where both tows 
contained no haddock. 

Conversion coefficients were computed for three size classes 
of haddock in order to evaluate the possiblity of differences in 
fishing power by size class. The size classes used were: 0-20 
cm, 20-40 cm, and >40 cm. 

Intervention analysis was used to estimate and evaluate the 
significance of differences in catch rates between the 36 Yankee 
net and the 41 Yankee net. Since the 41 Yankee was not used in 
the fall survey, the data used were the difference between the 
log. of the mean catch in the spring and fall survey. This 
difference was computed on only 1+ aged fish since fish in the 
age 0 group are vulnerable during the fall survey and not in the 
spring. In addition to the intervention analysis, a alternative 
estimate of the conversion coefficient was calculated as the 
difference between the time periods when the 41 Yankee net was 
and was not used, in terms of the mean log. differences between 
the spring and fall survey catches of age 1+ haddock. 

Results 

Results of the door conve~sion experiments indicate that the 
use of polyvalent doors had a significant effect on the catch 
rate of haddock, with the polyvalent doors being approximately 
1.6 times more effective than the BMV doors (Table Al). When the 
conversion coefficients were computed for each size class, 
however, no discernable effect on catch rates of haddock 0-20 cm 
was apparent (Table Al). Catches of haddock 20-40 em and >40 cm 
were higher using the polyvalent doors, and were approximately 
equivalent. As no difference was detectable in the ratio for 
haddock 20-40 em and >40 em, a ratio for all haddock >20 em was 
computed (Table Al). Catches of haddock <20 em occured less 
frequently than for haddock >20 cm, and consequently the 
precision of the estimated ratio is much less. Since the 
estimates for larger haddock were within approximately ± 1.5 SE 
of the ratio estimated for haddock <20 em, the estimate for 
haddock >20 cm was used. For future applications, the properties 
of these estimates should be investigated further. 
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The vessel comparison experiments indicated a significant 
effect of vessel on the catch rate of haddock, with the Albatros 
IV catching approximately 68% as many haddock as the Delaware lIs 
(Table A2). As in the results for door conversion factors, the 
estimates of conversion coefficients for hadodck in the 0-20 cm 
size class differed from that for the 20-40 cm and >40 cm size 
classes. The estimates for haddock <20 cm had relatively low 
presion and as with the door conversion coefficients, a single 
conversion coefficient was applied to all size classes of haddock 
(Table A2). 

The time series of differences between the spring and fall 
surveys indicated no trend over time (Figure A1) for either the 
Gulf of Maine or Georges Bank, and regressions of differences in 
catch over time were not significant (a=0.05). Thus, the time 
series was assumed to be stationary, and the intervention 
analysis was performed on data undifferenced in time (years). 
Results of the intervention analysis indicated no significant 
difference in catch rates using the 41 Yankee net as compared to 
the 36 Yankee net. (Table A3). Estimates of conversion 
coefficients calculated as the difference between time periods in 
the mean differences between spring and fall surveys were very 
similar to those obtained in the intervention analysis. 
Variances were not computed for this second set of estimates 
because of the similarity to point estimates obtained with the 
intervention analysis. 

Gear usage and correction factors applied 

Tables A4 to A7 detail the gear configurations used during 
the NEFC bottom trawl surveys in the Gulf of Maine and Georges 
Bank and the correction factors applied. In all cases, the net 
and door used was consistent across the entire survey within a 
year/season combination. In some cases, however, the Albatross 
IV and the Delaware II each performed some portion of a given 
survey area. When this occurred, the vessel performing the 
majority of tows within the principal strata for haddock was 
chosen as the principal vessel for the purposes of applying 
correction factors. While it may have been more appropriate to 
compute the mean catch per tow for each individual vessel and 
then apply the correction factors to these subsets of the survey, 
the computational difficulties associated with applying the 
correction factors in this manner were prohibitive. 

The conversion coefficients applied were simply the product 
of each of the individual conversion coefficients, with the gear 
configuration Albatross IV, polyvalent door and 36 Yankee net 
being the standard. The application of conversion coefficients 
in this manner makes the tacit assumption that the interaction 
between vessel and doors is not significant. 

----------------------------... 



Table A1. Estimates of ratio of catch using polyvalent doors 
to BMV doors for various size classes of haddock. 

standard 
Size class Ratio Deviation H 

all haddock 1. 627 0.214 141 

0-20 cm 0.970 0.403 25 

20-40 cm 1. 609 0.190 99 

>40 cm 1. 637 0.232 124 

>20 cm 1.633 0.218 136 



Table A2. Estimates of ratio of catch in Albatross IV to 
Delaware II for various size classes of haddock. 

standard 
Size class Ratio Deviation 1:! 

all haddock 0.688 0.087 158 

0-20 cm 0.363 1 0.139 61 

20-40 cm 0.794 0.129 89 

>40 cm 0.877 0.063 117 

>20 cm 0.852 0.063 135 

1 Three pairs in this data set had very large catches (>500 
individuals) of age-O haddock in at least one of the tows 
within the pair. When these data points were deleted, the 
ratio estimate was 0.549, std=0.182, N=58. 



Table A3. 

Gulf of Maine 

Georges Bank 

Estimates of conversion coefficients (± lSE) for 
changes in net from a 36 Yankee to a 41 Yankee. 

Intervention 
Analysis 

1.21 ± 0.34 

1.02 ± .217 

T ratio 

0.58 

0.09 

Difference 
Method 

1.21 

1. 03 



Table A4. Gear used in fall survey on Georges Bank, and conversion 
coefficients used. 

Conversion 
year Vessel Net Door Coefficient 

1963 ALBATROSS IV 36 Yankee BMV 1.633 
1964 ALBATROSS IV 36 Yankee BMV 1. 633 
1965 ALBATROSS IV 36 Yankee BMV 1.633 
1966 ALBATROSS IV 36 Yankee BMV 1.633 
1967 ALBATROSS IV 36 Yankee BMV 1.633 
1968 ALBATROSS IV 36 Yankee BMV 1. 633 
1969 ALBATROSS IV 36 Yankee BMV 1.633 
1970 ALBATROSS IV 36 Yankee BMV 1. 633 
1971 ALBATROSS IV 36 Yankee BMV 1.633 
1972 ALBATROSS IV 36 Yankee BMV 1. 633 
1973 ALBATROSS IV 36 Yankee BMV 1. 633 
1974 ALBATROSS IV 36 Yankee BMV 1.633 
1975 ALBATROSS IV 36 Yankee BM\' 1. 633 
1976 ALBATROSS IV 36 Yankee BMV 1.633 
1977 DELAWARE II 36 Yankee BMV 1.391 
1978 DELAWARE II 36 Yankee BMV 1. 391 
1979 DELAWARE II I 36 Yankee BMV 1.391 
1980 DELAWARE II 36 Yankee BMV 1.391 
1981 DELAWARE II I 36 Yankee BMV 1.391 
1982 ALBATROSS IV 36 Yankee BMV 1.633 
1983 AL8ATROSS IV 36 Yankee BMV 1.633 
1984 ALBATROSS IV 36 Yankee BMV 1.633 
1985 ALBATROSS IV I 36 Yankee POLY 1.000 
1986 ALBATROSS IV I 36 Yankee POLY 1.000 
1987 ALBATROSS IV 36 Yankee POLY 1.000 
1988 ALBATROSS IV 36 Yankee POLY 1.000 
1989 DELAWARE II 36 Yankee POLY 0.852 
1990 DELAWARE II 36 Yankee POLY 0.852 
1991 DELAWARE II 36 Yankee POLY 0.852 

Both vessels performed some portion of this cruise, but the indicated 
vessel conducted most of the tows in the primary strata where haddock 
were captured. 

II 
'I II 
J 



Table AS. G.ar used in spring survey on Georges Bank, and conversion 
coefficients used. 

Conversion 
year Vessel Net Door coefficient 

1968 AL8ATROSS IV 36 Yankee BMV 1.633 
1969 ALBATROSS IV 36 Yankee BMV 1.633 
1970 ALBATROSS IV 36 Yankee BMV 1.633 
1971 ALBATROSS IV 36 Yankee BMV 1.633 
1972 ALBATROSS IV 36 Yankee BMV 1.633 
1973 ALBATROSS IV 41 Yankee BMV 1.633 
1974 ALBATROSS IV 41 Yankee BMV 1.633 

1975 ALBATROSS IV 41 Yankee BMV 1.633 

1976 ALBATROSS IV 41 Yankee BMV 1.633 

1977 ALBATROSS IV 41 Yankee BMV 1.633 

1978 ALBATROSS IV 41 Yankee BMV 1.633 

1979 ALBATROSS IV I 41 Yankee BMV 1.633 

1980 ALBATROSS IV I 41 Yankee BMV 1.633 

1981 DELAWARE II 41 Yankee BMV 1.391 

1982 DELAWARE II 36 Yankee BMV 1.391 

1983 ALBATROSS IV 36 Yankee BMV 1.633 

1984 ALBATROSS IV 36 Yankee BMV 1.633 

1985 ALBATROSS IV 36 Yankee POLY 1.000 

1986 ALBATROSS IV 36 Yankee POLY 1.000 

1987 ALBATROSS IV I 36 Yankee POLY 1.000 

1988 ALBATROSS IV 36 Yankee POLY 1.000 
1989 DELAWARE II 36 Yankee POLY 0.852 

1990 DELAWARE II 36 Yankee POLY 0.852 

1991 DELAWARE II 36 Yankee POLY 0.852 

Both ve •• ala performed soma portion of this cruise, but the indicated 
vaaael conducted moat of the tow. in the primary .trata where haddock 
were captured. 
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Table A7. Gear used in spring survey in the Gulf of Maine and conversion 
coefficients used. 

Conversion 
'lear Ves§el Nel; Door Coeff~cient 

1968 AL8ATROSS IV 36 'lankee BMY 1. 633 
1969 ALBATROSS IV 36 'lankee BMY 1.633 
1970 ALBATROSS IV 36 'lankee BMY 1. 633 
1971 ALBATROSS IV 36 'lankee BMY 1.633 
1972 ALBATROSS IV 36 'lankee BMY 1.633 
1973 ALBATROSS IV 41 'lankee BMY 1.633 
1974 ALBATROSS IV 41 'lankee BMY 1.633 
1975 ALBATROSS IV 41 'lankee BMY 1.633 
1976 ALBATROSS IV 41 Yankee BMY 1.633 
1977 ALBATROSS IV 41 Yankee BMY 1.633 
1978 ALBATROSS IV 41 Yankee BMY 1.633 
1979 DELAWARE II I 41 Yankee BMY 1.391 
1980 DELAWARE II 41 Yankee BMY 1.391 
1981 DELAWARE II 41 'lankee BMY 1.391 
1982 DELAWARE II 36 'lankee 8MY 1.391 
1983 ALBATROSS IV 36 'lankee BMY 1.633 
1984 ALBATROSS IV 36 'lankee BMY 1.633 
1985 ALBATROSS IV 36 'lankee POLY 1.000 
1986 ALBATROSS IV 36 Yankee POLY 1.000 
1987 DELAWARE II 36 Yanke. POLY 0.852 
1988 ALBATROSS IV 36 Yankee POLY 1.000 
1989 DELAWARE II 36 Yankee POLY 0.852 
1990 DELAWARE II 36 Yankee POLY 0.852 
1991 DELAWARE II 36 Yankee POLY 0.B52 

Both ve.se1s performed some portion of this cruis., but the indicated 
ves.el conducted mest of the tows in the primary strata wh.re haddock 
were captured. 
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Figure A1. Difference in stratified mean catch per tow 
(numbers) of age 1+ haddock on Georges Bank in the 
spring and autumn NEFC bottom trawl survey. 
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Abstract: 

Age-length keys are widely used to convert the length 

frequency of the catch to an age frequency. Time intervals for 

aggregating data used to construct age-length keys have generally 

been determined on a subjective basis. In this paper, a method 

utilizing Fisher's exact test is presented for statistically 

determining if two age-length keys differ significantly, allowing 

one to objectively decide if combining age-length keys from two 

time periods is appropriate. Results of this test applied to 

Georges Bank haddock indicate that age-length keys derived from 

the first and second quarters within a year do not differ 

significantly. Further, age at length of fish sampled in 

research bottom trawl surveys showed no directional difference 

from the age at length of fish captured in commercial fishing 

gear. Pooling age-length keys across these quarters and from 

these two sources results in increased precision of catch at age 

without introducing bias into the estimates. 
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Age-length keys are a critical component of many methods 

used to estimate catch at age (Southward 1976; Kimura 1977; 

Gavaris and Gavaris 1983; Quinn et al. 1983; Lai 1987; Martin and 

Cook 1990). When formulating age-length keys for use in stock 

assessment work, an important consideration involves appropriate 

time scales for data aggregation. The most accurate 

representation of age at length in the population is obtained 

from age-length keys derived from intensive sampling of brief 

time intervals (Kimura 1977; westrheim and Ricker 1978). In 

practice, however, such a strategy is expensive to i~lement due 

to the labor-intensive nature of collecting and processing age 

structures. For the efficient and cost-effective use of sampling 

resources, one would like to sample and age the smallest number 

of fish that gives adequate precision in estimates of catch at 

age while avoiding biased results. It follows that ageing 

requirements can be considerably reduced if appropriate time 

intervals for age-length keys can be defined. 

A further problem .. facing assessment scientists is the need 

for evaluation of samples drawn from different sources. For 

example, most of the commercially important fish stocks off the 

northeastern united states are sampled in spring and autumn 

bottom trawl surveys by the Northeast Fisheries Center (NEFC) of 

the National Marine Fisheries Service. Since codend liners are 

employed in these trawls, the fish collected in these surveys 

have a substantially different size and age composition than the 

commercial catch. However, it is unknown if for a fish of a 
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given length the research survey trawl selects for fish of a 

different age than commercial harvesting gear, and if age-length 

keys including data from research surveys will impart a bias into 

estimates of catch at age. 

In this paper, I present a method for statistically 

evaluating the differences between age-length keys from different 

time intervals and/or different sampling regimes for the purpose 

of aggregating into a single key. The primary reason for 

combining age-length keys across time intervals or from separate 

sources is to improve the precision of estimates of catch at age 

for a given sample size, or to reduce the number of samples 

necessary to achieve a given level of precision. Also, a 

combined key will be less likely to contain unsampled size 

intervals (commonly called holes in the age-length key) than 

either individual key. Thus, the investigator can minimize the 

problem of having to subjectively "fill" these holes based on 

data from surrounding length intervals or his/her own experience. 

Methods 

Age-length keys are commonly formed by first obtaining a 

matrix of numbers at age by length interval (Table 1), and then 

converting this to a matrix of proportion at age for each length 

interval. For the statistical tests between age-length keys, 

however, I have utilized the matrix of numbers at age by length. 

statistical comparisons between age-length keys are based on 
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making tests of significance separately for each length interval 

present in both keys. Each of these comparisons tests the 

hypothesis that the proportion at age within each length class is 

no different among keys than would be obtained by random chance. 

Formally, the hypothesis tested is for length class i, 

Ho: Pijl = Piil for all age classes j from source 1 and source 2 

Ha: Pijl;o! Piil for all age classes j from source 1 and source 2 

Consider as an example haddock (Melanogrammus aeglefinus) in the 

54 cm size class sampled from the commercial catch from the ~irst , 

and second quarter of 1983. The vectors of numbers at age from 

each of these samples are: 

o 1 2 

Quarter 1 o o o 

Quarter 2 o o o 

3 

1 

7 

Age 

4 

8 

10 

5 6 7 8 Total 

14 o o o 23 

24 1 o o 42 

The question asked with the above hypothesis is whether the two 

samples are likely to be drawn from the same population or if 

they differ sufficiently to indicate that the populations from 

which they were sampled also are different. Assuming fixed 

marginal totals, an appropriate test of this hypothesis is 

Fisher's exact test (Siegel 1956). previously this test was 

impractical for contingency tables greater than 2 x 2 because of 

the amount of computational power required by the algorithms 
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available for its solution. Recent improvements (Pagano and 

Halvorsen 1981; Mehta and Patel 1983,' implemented in Version 6 a . 4 

of SAS) allow problems of this size to be readily solved. 

Alternative tests exists in the Chi-square test of 

homogeneity (Hennemuth 1965) and the G2 test (Bishop et al. 

1975). These tests have the advantage in that age-length keys 

could be compared in their entirety. However, these tests are 

often inappropriate for comparing age-length keys because the 

expected value is frequently less than 5, and sometimes less than 

1 in some of the cells in the contingency table (Sokal and Rohlf 

1981). With Fisher's exact test, there are no restrictions on 

the expected values for any cell within the contingency table 

(Siegel 1956). In practice, however, each source (i.e., time 

period) should contain at least six observations as sample sizes 

less than six per source do not have sufficient power to resolve 

even major discrepancies between sources (personal observation). 

Estimation of Catch at Age and Variance 

For the purposes of evaluating the effects of pooling age

length keys, length frequency samples were treated as simple 

random samples from the entire stock area. Following Gavaris and 

Gavaris (1983), the proportion at age for unpooled samples was 

estimated as: 

-------------------------------------------------
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P", ; Estimated proportion at age i in quarter q 
Pjq ; proportion at length j in quarter q 
Pijq ; Proportion at age i at length j in quarter q 

For samples where age-length keys were pooled across quarters, 

the proportion at age was estimated as: 

Where, 

Pq~ = Pooled porportion at age i at length j for appropriate quarters 

Estimates of the variance of proportion at age were derived 

following Gavaris and Gavaris (1983): 

Where, 

Var {p~} ; L 
J 

+ 
PH (Po. - P", )2 

n. 

nit = # of fish at length j in quarter q 
n. = # of fish aged in quarter q 

Estimates of the variance of proportion at age when age-length 

keys were pooled were computed with the above formulae, except 

pO
ijq 

was substituted for Pijq. Catch at age and variance for each 

quarter were computed following Gavaris and Gavaris (1983). 
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since these computations do not depend on whether pooled or 

unpooled age-length keys are used, the formulae are not repeated. 

Results and Discussion 

Graphs of mean length at age by month for Georges Bank 

haddock sampled from the commercial fishery from 1980 to 1988 

(Figure 1) indicate that most of the annual growth takes place 

during the third quarter, from June through September. From this 

pattern of annual growth, it was expected that age-length keys 

would not be significantly different between the first and second 

quarters, but would differ significantly betweens the second and 

third quarters, and the third and fourth quarters. Accordingly, 

tests were conducted between these pairs of quarters to determine 

if age-length keys could be pooled across any adjacent quarters. 

Summary statistics of these tests are presented in Tables 2-4. 

Care must be exercised in interpreting the significance of 

differences between a single length class since many tests of 

significance were conducted for each age-length key comparison. 

For example, comparisons between the first and second quarters 

yielded 9 of 94 tests significant at the 0.05 level. This number 

of "significant" results, however, is not substantially different 

than the number of "significant" results that would be expected 

based on random chance. Further, these differences occurred 

sporadically among the length classes, suggesting that no 

consistent deviation in age at length was present between fish 

collected during the first and second quarter within a year. 

! 

I 
I 
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Thus, it appears that first and second quarter age-length keys 

within each year can be treated as samples drawn from the same 

population and thus can be combined. 

Differences between the second and third quarters and the 

third and fourth quarters were much stronger than that between 

the first and second quarters. Tests between the second and 

third quarters resulted in 45 of 95 comparisons significant at 

the 0.05 level. Tests between the third and fourth quarters 

yielded 21 of 85 comparisons exceeding the 0.05 level. Further, 

differences in these age-length keys occurred in contiguous 

blocks rather than sporadically as occurred between quarters one 

and two. From these results, it appears that age-length keys 

should not be combined across the second and third quarters or 

across the third and fourth quarters for haddock. 

Similar tests were performed comparing age-length keys 

derived from NEFC bottom trawl surveys and the pooled first and 

second quarter age-length key derived from fish sampled from the 

commercial catch. As presented in Table 5, 10 of 71 tests had 

probabilities less than 0.05. As in the tests comparing first 

and second quarter commercial age keys, no consistent pattern 

among these differences was apparent. Although more 

"significant" results were obtained. than would be expected by 

random chance, it should be noted that half of these differences 

occurred among the 66 to 76 em size classes. For these size 

classes, the sample size from the bottom trawl survey was 

generally small «10 fish), while that from commercial was often 
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large (>50 fish). Examination of the contingency tables for 

these size classes indicated that the difference in proportion at 

age between commercial and survey age-length keys were small and 

were often due to a broader representation of age classes in the 

commercial data. A broader representation of age classes in the 

commercial samples would be expected, however, given the larger 

sample size available from the commercial fishery for fish in 

these length classes. Based on the lack of pattern among the 

significance tests, it appears that the survey gear does not 

consistently select for fish of a different age at a given length 

than the fishing gears used to harvest haddock commercially. 

Accordingly data on age at length obtained from fish collected in 

the research surveys can be combined with data collected from 

fish sampled from the commercial catch. 

As a further check on the potential for introducing bias by 

combining age-length keys, estimates of the age composition of 

the commercial catch for each year from 1982 to 1988 were made 

using age-length keys combined in four different ways. First, 

age-length keys were constructed for each quarter using only fish 

sampled during that quarter from the commercial catch. These 

age-length keys served as a basis for comparison since estimates 

of catch at age derived from the age-length keys correspond to 

the level of temporal aggregation (quarterly) that has commonly 

been used in Georges Bank haddock assessments (Clark et al. 1982; 

Gavaris and Van Eeckhaute 1990). The second set of age-length 

keys were formed by combining age-length data from all haddock 
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sampled from the commercial catch during the first half of the 

year into a single age-length key that was then applied to the 

first and second quarter length frequency distributions. The 

third set of age-length keys were constructed for quarterly 

intervals, but included data from haddock sampled in the 

commercial catch and from the NEFC bottom trawl surveys. The 

final set of age-length keys contained data from haddock caught 

both commercially and in trawl surveys, but data were combined 

for the first half of the year. 

Comparison of the estimates of catch at age averaged over 

the period of 1982-1988 reveals only minor variations between 

results obtained with the various age-length keys, with no 

indication of systematic bias (Figure 2). This is as expected, 

based on the results of statistical tests of the age-length keys 

which indicated little or no difference. The precision of these 

estimates, as indicated by the average coefficient of variation, 

however, did show a trend among the different levels of 

aggregation (Figure 3). Combining first and second quarter age

length keys derived solely from commercially caught haddock 

showed an increased precision for all age groups, but 

particularly for older age classes that typically had small 

samples sizes within any single quarter (i.e., the 82 and 84 cm 

length classes in Table 1). The inclusion of survey age data had 

a relatively smaller effect on the precision of estimates for 

most age classes except for age 2 fish (Figure 3). This occurred 

because the sample size of small haddock was generally low in the 
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commercial samples whereas small fish were more common in the 

research survey samples. 

In summary, Fisher's exact test provides a means of testing 

differences between age-length keys derived from different 

sources or from different time periods. When age-length keys are 

pooled across time periods and/or sources that are determined not 

to differ significantly, the resulting estimates of catch at age 

are more precise and importantly the estimates do not appear to 

be biased due to the pooling procedure. 
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Figure Legends 

Figure 1. Monthly mean length at age of Georges Bank haddock in 

the commercial catch, 1980-1988. 

Figure 2. Mean catch at age of Georges Bank haddock, 1982-1988, 

using different levels of aggregation in the age-length 

key. Unpooled commercial refers to quarterly age

length keys derived solely from commercial samples. 

Pooled commercial refers to age-length keys derived 

solely from commercial samples, but with quarter 1 and 

quarter 2 data pooled into a single age-length key. 

Pooled and unpooled commercial. and survey refers to the 

same levels of temporal aggregation as above, but 

including age at length data obtained from fish 

collected in the NEFC bottom trawl surveys. vertical 

lines indicate 2 SE of the mean catch at age. 

Figure 3. Mean coefficient of variation of estimates of catch at 

age for Georges Bank haddock, 1982-1988, using 

different levels of aggregation in the age-length key. 

Symbol definitions are as in Figure 2. 
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Number sampled at age by 2 cm length groups from the commercial 

catch of Georges Bank haddock, January to March 1983. 
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Results of Fisher's exact test comparing first and second quarter 

age-length keys from Georges Bank Haddock, 1982-1988. Entries are 

probability of difference observed occurring by random chance. 

Dashes indicate comparisons where the sample size was less than 

seven within one of the two quarters being compared. 

Length 
Year 

(em) 1982 1983 1984 1985 1986 1987 1988 

42 

44 0.307 0.676 

46 0.782 0.117 0.559 1.000 

48 1.000 0.804 0.892 0.661 1.000 

SO 0.888 0.033* 0.653 0.289 

52 0.786 0.819 0.022* 0.363 
0.724 

54 0.176 0.434 0.143 0.008* 0.018* 0.026* 

56 0.051 0.284 0.207 0.451 1.000 0.067 

58 0.562 0.749 0.002* 0.074 0.753 0.434 0.744 

60 0.177 0.002* 0.950 0.889 0.432 0.303 0.870 

62 0.153 0.123 0.163 1.000 0.799 0.406 

64 0.136 0.372 0.223 0.644 0.389 0.464 

66 0.300 0.694 0.849 0.230 0.950 0.811 

68 0.352 0.497 0.373 0.418 0.461 0.704 

70 0.182 0.032* 0.676 1.000 1.000 0.799 

72" 0.097 0.119 0.584 0.143 1.000 0.439 

74 0.730 0.808 0.036* 0.128 

76 0.488 0.589 0.096 

78 0.852 0.249 

80 1.000 0.161 

B2 0.466 

* p<O.OS 

""f i'l 
I 
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Results of Fisher's exact test comparinq second and third quarter 

age-length keys from Georges Bank Haddock, 1982-1988. Entries are 

probability of difference observed occurring by random chance. 

Dashes indicate comparisons where the sample size was less than 

seven within one of the two quarters being compared. 

Length 
Year 

( em) 1982 1983 1984 1985 1986 1987 1988 

42 0.219 0.170 

44 0.001" 0.075 0.592 

46 0.001" 0.017" 0.020" 

48 0.001" 0.110 0.620 0.013" 0.001" 0.832 

50 0.001" 0.026" 0.747 0.108 0.001" 0.773 

52 0.001" 0.001" 1.000 0.115 1.000 0.003" 0.001' 

54 0.001" 0.001" 0.688 0.011" 0.582 0.012" 0.001' 

56 0.042" 0.001" 1.000 0.321 0.429 0.488 0.001' 

58 0.046" 0.001" 0.146 0.053 0.115 0.335 0.001' 

60 0.038" 0.001" 0.863 0.001" 0.075 0.001' 

62 0.011" 0.011" 0.106 0.002" 0.055 0.001' 

64 0.523 0.015" 0.662 0.004" 0.010" 

66 0.246 0.032" 0.354 0.292 0.004" 

68 0.068 0.016" 0.192 0.046" 0.122 

70 0.544 0.002" 0.700 0.011" 0.046" 

72 0.379 0.022" 0.738 0.590 0.058 

74 0.185 0.544 0.020" 0.755 

76 0.686 0.407 0.569 

78 0.427 

80 0.206 

82 0.537 

" pcO.05 
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Results of Fisher's exact test comparing second and third quarter 

age-length keys from Georges Bank Haddock, 1982-1988. Entries are 

probability of difference observed occurrinq by random chance. 

Dashes indicate comparisons where the sample size was less than 

seven within one of the two quarters being compared. 

Length Year 

(em) 1982 1983 1984 1985 1986 1987 1988 

42 0.286 1.000 

44 0.298 0.014* 

46 0.158 0.003* 1.000 

48 0.051 0.001* 0.192 0.124 

50 0.001* 0.123 0.123 0.053 1.000 

52 0.159 0.315 0.212 0.024* 0.832 

54 0.146 0.049* 0.720 0.754 0.211 

56 0.205 0.765 1.000 0.050* 0.791 

58 0.143 0.009* 0.154 0.477 0.675 0.016* 

60 0.292 0.174 0.939 0.794 0.540 0.014* 

62 0.028* 0.032* 0.758 0.272 0.244 0.001* 

64 0.265 0.042* 0.132 0.085 0.022· 

66 0.014* 0.034* 0.079 0.785 0.001· 

68 0.484 0.937 0.759 0.068 0.107 

70 0.011· 0.038* 0.218 0.207 0.046· 

72 1.000 0.813 0.550 1.000 0.408 

74 0.756 0.162 0.054 0.922 

76 0.282 0.612 0.713 

78 0.355 0.499 1.000 

80 0.765 

82 

• P<O.Os 
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II; Table 5. Results of Fisher's exact test comparing age-length keys for 

Georges Bank haddock derived from fish sampled in NEFC bottom 

trawl surveys to commercially sampled fish from the first and 

second quarters, 1982-1986. Entries are probability of difference 

observed occurring by random chancee Dashes indicate comparisons 

where the sample size was less than seven within one of the two 

sources being compared a 

,,! 

I, Length Year 

Ii , (cm) 1982 1983 1984 1985 1986 1987 1988 

38 0.209 

40 0.214 
I': 

42 0.054 0.350 

44 0.151 1.000 

46 0.087 0.699 0.232 1.000 

48 0.038· 1.000 0.243 1.000 

50 0.388 1.000 0.344 0.095 

52 0.151 0.175 0.220 0.241 

54 0.107 0.479 0.547 0.123 0.360 

56 0.020· 0.014· 0.146 0.068 0.033· 0.465 1.000 

58 0.139 0.127 0.057 - 0.549 

60 0.019· 0.839 1.000 0.102 0.273 

62 0.268 0.470 0.554 0.165 0.179 0.079 

64 0.526 0.163 0.391 0.641 0.302 

66 0.821 0.302 0.026· 0.786 0.003· 
II 

68 0.191 0.128 0.001· 

70 0.625 0.139 0.423 0.008· 

72 0.777 0.682 

74 0.001· 

76 0.927 0.194 

• P<0.05 

---------------------~ 



Figure 1. Monthly mean length at age of Georges Bank haddock in the commercial 
catch, 1980-1988. 

60 

AGE 

7 

70 - 6 
E 
~ 5 
:c 
I- 4 (!J 
z 
W 60 
...J 

3 

2 

50 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

MONTH 



.,' ';'1 
;i:- i j 

'i't ii'\1 
"ii I '! I 

Figure 2. 

-(/) 

I u 
r::: 

(J ctt 

~ 
(/) 
::J 

(J 0 
.r::: 
t:. 

Mean catch at age of Georges Bank haddock, 1982-1988, UBi 
different levels of aggregation in the age-length key. unpool~~ 
commercial refers to quarterly age-length keys derived solely fro 
cOlllllercial samples. Pooled commercial refers to age-length key· 
derived solely from commercial samples, but with quarter 1 an~ 
quarter 2 data pooled into a single age-length key. Pooled and 
unpooled commercial and survey refers to the same levele Of 
aggregation as above, but including age at length data obtained fro. 
fish collected in the NEFC bottom trawl surveys. Vertical lino, 
indicate 2 SE of the mean catch at age. 
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Figure 3. 
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Mean coefficient of variation of estimates of catch at age for 
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Dependent Variable: LOGHAD 

Source DF s~m of Squares 
Mean Square F Value Pr > F 

Hodel 35 
71998.36733651 

2228.52478104 135B.74 0.0001 

Error 44616 
73176. 5359B047 

1. 64014111 

corrected Total .. 651 151174.90331699 

R-SQuar. 
C.V. Root HSE 

LOGHAD Mean 

0.515948 
19.30971 

1. 28067994 
6.63231211 

source DF 
Type III 55 

Mean Square F Value Pr > F 

YEAR 36 
65789.35955168 

2530.3599B276 1542.77 0.0001 

AREA 5 
7101. 31054140 

1420.2621082B B65.94 0.0001 

QTR 
3 

847 .45763955 
282.485B7985 172.23 0.0001 

TC 
1 

2916.78554208 
2916.78554208 1778.37 0.0001 

SOUrce DF 
Type IV 55 

Mean Square F Value Pr > F 

YEAR 26 
65789.35955168 

2530.35998276 1542.71 0.0001 

AREA 
5 

7101. 31054140 
1420.26210828 865.94 0.0001 

QTR 
3 

847.45163955 
282.48587985 172.23 0.0001 

TC 
1 

2916.18554208 
2916.78554208 1718.37 0.0001 

T for HO: Pr > ITI 5td Error of 
Estimate 

paraaeter 
Estimate parameter-O 

IIITI!3CEPT 
5.971838580 B 

147.52 0.0001 
0.04052218 

YEAR 64 
1. 765319863 B 

40.12 0.0001 0.04399854 

65 
1. 500280145 B 

33.81 0.0001 0.04437721 

66 
3.711851248 B 

85.08 0.0001 
0.04362827 

67 
2.652966992 B 

59.85 
0.0001 0.04432736 

68 
2.281566140 B 

49.55 0.0001 
0.04604503 

·69 
0.516134264 B 

10.65 0.0001 0.04B54078 

10 
0.708081640 B 

13.59 0.0001 0.05208875 

11 
0.103033930 B 

1.99 0.0461 0.05128872 

72 
0.346872512 B 

6.27 0.0001 0.05536662 

73 
-0.893115241 B 

-14.88 0.0001 0.06007925 

74 
-2.852155276 B 

-49.19 0.0001 0.05798117 

75 
-1.008030813 B 

-18.26 0.0001 
0.05519832 

76 
o .211048403 B 

3.78 0.0002 0.05748054 

71 
2.546801337 B 

51. 68 
0.0001 0.04927983 

78 
0.716452725 B 

16.56 0.0001 
0.04687346 

19 
1. 006533701 B 

22.84 0.0001 0.04406358 

80 
0.715394303 B 

18.10 0.0001 0.04283332 

81 
2.571168649 B 

59.54 0.0001 
0.04319051 

82 
1. 710464408 B 

38.60 
0.0001 0.04431426 

83 
1. 383603846 B 

29.65 
0.0001 0.04665737 

84 
1. 243014 785 B 

27.48 
0.0001 0.04522783 

~-----=---~-~ 
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General Linear Models Procedure 

Dependent Variable: LOGHAD 

T for HO: 
Parameter Estimate Parameter=O 

Pr > ITI Std Error of 
Estimate 

YEAR 85 0.714790014 B 15.23 
86 0.570761824 B 10.67 
87 0.076335542 B 1.41 
88 -0.029523922 B -0.60 
89 -0.326836244 B -6.51 

0.0001 0.04693615 
0.0001 0.05349268 
0.1577 0.05403140 
0.5480 0.04913919 
0.0001 0.05022619 

90 0.000000000 B 
AREA 521 -0.666907115 B -34.77 

522 -0.349540481 B -17.83 
525 -0.37U34185 B -13.98 
526 -1.516635579 B -51. 66 
561 0.226990443 B 10.22 

0.0001 0.01917811 
0.0001 0.01960306 
0.0001 0.02677165 
0.0001 0.02935923 
0.0001 0.02220852 

562 0.000000000 B 
Q'l'R 1 0.243847666 B 12.42 

2 0.404291731 B 22.32 
3 0.172542746 B 9.33 

0.0001 0.01962774 
0.0001 0.01811573 
0.0001 0.01850218 

4 0.000000000 B 
TC 3 -0.576190765 B -42.17 0.0001 0.01366327 

4 0.000000000 B 

NOTE: The XIX .atrix has been found to be singular and a generalized inverse was used to solve the normal equations. 
followed by the letter 18 1 are biased, and are not unique estimators of the parameters. 

Estimates 
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Dependent Variable: LOGHAO 

Source 

Hodel 

Error 

COrrected Total 

Source 

YEAR 
AREA 
om 
Te 
AREA*Q'l'R 
AREA*Te 
om*Te 
AREA*Q'I'R*Te 

SOUrce 

YEAR 
AREA 
om 
Te 
AREA*Q'l'R 
AREA*'fC 
om*Te 
AREA*Q'I'R*Te 

Paraeter 

INTERCEPT 
YEAR 64 

65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 

OF 

73 

44578 

44651 

R-Square 

0.51865l 

OF 

l6 
5 
3 
1 

15 
5 
3 

15 

OF 

26 
5 
3 
1 

15 
5 
3 

15 

Sum of Squares 

79918.83946196 

71256.06385503 

151174.90331699 

C.V. 

19.06276 

Type III 55 

64807.87066261 
3503.51563474 

482.76005100 
1944 .19687466 

805.71618036 
156.31655866 

46.02639955 
139.30l52412 

Type IV 55 

64807.87066261 
3503.51563474 

482.76005100 
1944.19687466 

805.71618036 
156.31655866 

46.02639955 
139.30l52412 

Estillate 

5.854715477 8 
1. 770780047 8 
1. 519597017 8 
3.75l2497258 
2.681305642 8 
2.267663356 8 
0.527022990 8 
0.739629821 8 
0.114627759 8 
0.384650351 8 

-0.871096158 8 
-2.831128142 8 
-0.997452159 8 

0.258198881 8 

Mean Square 

1094.77862277 

1.59845807 

Root MSE 

1. 26430142 

Mean Square 

2492.61041010 
700.70312695 
160.92001700 

1944.19687466 
53.71441202 
31. 26331173 
15.34213318 

9.28683494 

Mean Square 

2492.61041010 
700.70312695 
160.92001700 

1944 .19687466 
53.71441202 
31.26331173 
15.34213318 

T for HO: 
Paraaeter-O 

75.30 
40.34 
34.43 
86.55 
60.91 
49.54 
10.97 
14.34 

2.26 
7.02 

-14.66 
-49.33 
-18.28 

4.54 

9.28683494 

Pr ) ITI 

0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0238 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 

F Value 

684.90 

F Value 

1559.38 
438.36 
100.67 

1216.30 
33.60 
19.56 

9.60 
5.81 

F Value 

1559.38 
438.36 
100.67 

1216.30 
33.60 
19.56 

9.60 
5.81 

Pr ) F 

0.0001 

LOGHAD Mean 

6.63231211 

Pr ) F 

0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 

Pr ) F 

0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 

Std Error of 
Estimate 

0.07775178 
0.04389182 
0.04413949 
0.04335354 
0.04401851 
0.04511191 
0.04805818 
0.05159104 
0.05012821 
0.05419377 
0.05944011 
0.05738644 
0.05451630 
0.05683338 

.. ~ 



Dependent Variable: LOGHAD 

Paraaeter 

YEAR 

AREA 

OTR 

TC 

AREA*OTR 

77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
521 
522 
525 
526 
561 
562 
1 
2 
3 
4 
3 
4 
521 1 
521 2 
521 3 
521 4 
522 1 
522 2 
522 3 
522 4 
525 1 
525 2 
525 3 
525 4 
526 1 
526 2 
526 3 
526 4 
561 1" 
561 2 
561 3 
561 4 
562 1 
562 2 
562 3 
562 4-

The SAS System 

General Linear Models Procedure 

Estimate 

2.603703702 B 
0.828438715 B 
1. 055786116 B 
0.825474793 B 
2.651253230 B 
1. 754544121 B 
1. 438634 707 B 
1.284796872 B 
0.749912107 B 
0.589193899 B 
0.086502360 B 

-0.008796664 B 
-0.311355623 B 

0.000000000 B 
-0.450252665 B 
-0.256901287 B 

0.062556608 B 
-1. 043561361 B 

0.241512846 B 
0.000000000 B 
0.295689344 B 
0.576594449 B 
0.057839510 B 
0.000000000 B 

-0.755811586 B 
0.000000000 B 

-0.024074431 B 
-0.567026259 B 

0.058327663 B 
0.000000000 B 

-0.423775383 B 
-0.225422386 B 

0.158292023 B 
0.000000000 B 

-0.606055688 B 
-0.465976680 B 
-0.441891394 B 

0.000000000 B 
0.137189853 B 
0.163165850 B 
0.642406040 B 
0.000000000 B 
0.022979638 B 

-0.211230225 B 
0.269667667 B 
0.000000000 B 
0.000000000 B 
0.000000000 B 
0.000000000 B 
0.000000000 B 

T for HO: 
Parameter=O 

53.30 
17.85 
24.14 
19.43 
61. 82 
39.97 
31.09 
28.67 
16.12 
11.13 
1.62 

-0.18 
-6.27 

-5.69 
-3.00 

0.40 
-7.20 

2.74 

3.78 
7.39 
0.58 

-8.54 

-0.23 
-5.33 

0.52 

-4.01 
-2.24 
1.28 

-3.35 
-2.67 
-1. 79 

0.60 
0.87 
3.03 

0.22 
-2.05 

2.21 

11:56 Thursday, November 14/ 1991 6 

Pr ) ITI std Error of 
Estimate 

0.0001 0.04884914 
0.0001 0.04641847 
0.0001 0.04373139 
0.0001 0.04248399 
0.0001 0.04288959 
0.0001 0.04389551 
0.0001 0.04627525 
0.0001 0.04480644 
0.0001 0.04652058 
0.0001 0.05293901 
0.1053 0.05340592 
0.8565 0.04863008 
0.0001 0.04964478 

0.0001 0.07906505 
0.0027 0.08564511 
0.6915 0.15765193 
0.0001 0.14489294 
0.0061 0.08813154 

0.0002 0.07832667 
0.0001 0.07803098 
0.5646 0.10041529 

0.0001 0.08846464 

0.8208 0.10626518 
0.0001 0.10628435 
0.6043 0.11254651 

0.0001 0.10576937 
0.0253 0.10074909 
0.1994 0.12334710 

0.0008 0.18081141 
0.0077 0.17477906 
0.0733 0.24674 753 

0.5515 0.23036447 
0.3850 0.18782520 
0.0024 0.21185969 

0.8236 0.10309851 
0.0401 0.10288505 
0.0274 0.12221884 



General Linear Models Procedure 

Dependent Variable: LOGHAD 

T for HO: Pr > ITI Std Error of 
Parameter Estimate Parameter=O Estimdte 

AREA*TC 521 3 0.141555510 B 1.49 0.1364 0.09906624 
521 4 0.000000000 B 
522 3 0.115126525 B 1.63 0.1030 0.10140603 
522 4 0.000000000 B 
525 3 -0.400842621 B -2.04 0.0411 0.19611621 
525 4 0.000000000 B 
526 3 -0.551H0198 B -3.33 0.0009 0.16514149 
526 4 0.000000000 B 
561 3 0.103998101 B 0.85 0.3935 0.12161154 
561 4 0.000000000 B 
562 3 0.000000000 B 
562 4 0.000000000 B 

QTR*TC 1 3 0.229418086 B 2.26 0.0224 0.10044901 
1 4 0.000000000 B 
2 3 0.353353784 B 3.58 0.0003 0.09882111 
2 4 0.000000000 B 
3 3 -0.336537584 B -2.67 0.0016 0.12596623 
3 4 0.000000000 B 
4 3 0.000000000 B 
4 4 0.000000000 B 

AREA*QTR*TC 521 1 3 -0.070860517 B -0.55 0.5633 0.12916132 
521 1 4 0.000000000 B 
521 2 3 -0.491513268 B -3.90 0.0001 0.12153008 
521 2 4 0.000000000 B 
521 3 3 0.301321908 B 2.16 0.0305 0.13924549 
521 3 4 0.000000000 B 
521 4 3· 0.000000000 B 
521 4 4 0.000000000 B 
522 1 3 -0.037952387 B -0.29 0.1151 0.13262466 
522 1 4 0.000000000 B 
522 2 3 -0.1877757l5 B -1. 51 O.13n 0.12412314 
522 2 4 0.000000000 B 
522 3 3 0.374878171 B 2.41 0.0136 0.15191033 
522 3 4 0.000000000 B 
522 4 3 0.000000000 B 
522 4 4 0.000000000 B 
525 1 3 0.416487168 B 1. 81 0.0614 0.22263391 
525 1 4 0.000000000 B 
525 2 3 0.327803010 B 1. 52 0.1274 0.21504912 
525 2 4 0.000000000 B 
525 3 3 0.855012121 B 2.94 0.0033 0.29013489 
525 3 4 0.000000000 B 
525 4 3 0.000000000 B 
525 4 4 0.000000000 B 
526 1 3 0.119068517 B 0.41 0.6406 0.25505655 
526 1 4 0.000000000 B 
526 2 3 -0.666421161 B -3.18 0.0015 0.20916215 
526 2 4 0.000000000 B 
526 3 3 0.589300411 B 2.46 0.0141 0.23999201 
526 3 4 0.000000000 B 



Dependent Variable. LDGHAD 

Paraaeter 

AREA*QTR*TC 526 4 3 
526 4 4 
561 1 3 
561 1 4 
561 2 3 
561 2 4 
561 3 3 
561 3 4 
561 4 3 
561 4 4 
562 1 3 
562 1 4 
562 2 3 
562 2 4 
562 3 3 
562 3 4 
562 4 3 
562 4 4 

The SAS System 

General Linear Models Procedure 

Estimate 

0.000000000 B 
0.000000000 B 

-0.096710191 B 
0.000000000 B 
0.038121961 B 
0.000000000 B 
0.191528213 B 
0.000000000 B 
0.000000000 B 
0.000000000 B 
0.000000000 B 
0.000000000 B 
0.000000000 B 
0.000000000 B 
0.000000000 B 
0.000000000 B 
0.000000000 B 
0.000000000 B 

T for HO: 
Parameter=O 

-0.66 

0.21 

1.19 

11:56 Thursday, November 14, 1991 

Pr } ITI 

0.5103 

0.7839 

0.2335 

Std Error of 
Estimate 

0.146B94Bl 

0.14122310 

0.16579564 

NOTE; The XIX matrix has been found to be singular and a generalized inverse was used to solve the normal equations. 
followed by the letter 'B' are biased, and are not unique estimators of the parameters. 

Estimates 

1 

B 
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Appendix D. Results of ADAPT tuning. 

ADAPT Rill Nl.IIIber 184 
HADDOCK: GEORGES BANK STOCK 
GBHAD 

1992 2,13 

Output option selected for input parameters: fuLL 
Output option selected for results: full 

INPUT PARAMETERS AND OPTIONS SELECTED 

Natural mortality is 0.2 

O\dest age (not in the plus group) ;s 8 

For all yrs prior to the terminal year (1990), backcalculated 
stock sizes for the following ages used to estimate 
total mortality (2) for age 8: 4 5 6 18 
This method for estimating F on the oldest age is generally used 
when a flat-topped partial recruitment curve is thought to be 
characteristic of the stock. 

F for age 9+ is then calculated from the following 
ratios of Frage 9+] to Feage 8] 

1963 1.0000 
1964 1.0000 
1965 1.0000 
1966 1.0000 
1967 1.0000 
1968 1.0000 
1969 1.0000 
1970 1.0000 
1971 1.0000 
19n 1.0000 
1973 1.0000 
1974 1.0000 
1975 1.0000 
1976 1.0000 
1977 1.0000 
1978 1.0000 
1979 1.0000 
1980 1.0000 
1981 1.0000 
1982 1.0000 
1983 1,0000 
1984 1.0000 
1985 1.0000 
1986 1.0000 
1987 1.0000 
1988 1.0000 
1989 1.0000 
1990 1.0000 

Stock size of the ,. Ir ..... I. th .. cilculited 
usl"1l the follOllI", .thod: CATCHEQ 

Partial recrul~ .. tl.tl for 1990 
1 0.11010 
2 0.4100 
3 0.8400 
4 1.0000 
5 1.0000 
6 1.0000 
7 1.0000 
8 1.0000 

Objective fl.l'lCtlon I. SUM WO( LOG(OBS) • LOG(PRED) )**2 

Indic •• no_I hod (by dlvldl"1l by ... oboerved VIIUl) 
before t~i", to VPA Itockahes 

The residuals for year. prior to the tenainal year are downweighted 
usi"1l the following .ltorithll: NOlIE 



· ...... ------------------
Biomass estimates Cother than SSB) reflect mean stock sizes. 
SSB calculated 81 in the NEfSC projection program 
(see note below SSI table for description of the algorithm). (nel le' 

Initial estimates of parameters for the Marquardt algorithm 
and Lower and upper bounds on the par~ter estimates: 

• Par. IniHal Est Lower and Upper Bnd .. ' +~ 
N 1 3.8000000E3 O.OOOOOOOEO 1.0000000E6 1 
N 2 3.6000000E3 O.OOOOOOOEO 1.0000000E6 2 
N 3 2.0000000E2 O.OOOOOOOEO 1.0000000E6 J 
N 4 7.5000000E3 O.OOOOOOOEO 1.0000000E6 4 
N 5 2.0000000E2 O.OOOOOOOEO 1.0000000E6 5 
N 6 1.3000000E3 O.OOOOOOOEO 1. OOOOOOOE6 6 
N 7 1.0000000E2 O.OOOOOOOEO 1.0000000E6 1 
N 8 3.0000000E2 O.OOOOOOOEO 1 . OOOOOOOE6 8 
qRV SPR 1 1.0000000E·5 O.OOOOOOOEO 1. OOOOOOOEO 9 
qRV SPR 2 1. OOOOOOOE· 5 O.OOOOOOOEO 1.0000000EO 10 
qRV SPR 3 1. OOOOOOOE·5 O.OOOOOOOEO 1.0000000EO 11 
qRV SPR 4 1. OOOOOOOE· 5 O.OOOOOOOEO 1.0000000EO 12 
qRV SPR 5 1.0000000E·5 O.OOOOOOOEO 1.0000000EO 13 
qRV SPR 6 1. OOOOOOOE· 5 O.OOOOOOOEO 1 .OOOOOOOEO 14 
qRV SPR 7 1 . OOOOOOOE· 5 O.OOOOOOOEO 1 . OOOOOOOEO 15 
qRV SPR 8 1.0000000E·5 O.OOOOOOOEO 1. OOOOOOOEO 16 
qRV F~L 1 1.0000000E·5 O.OOOOOOOEO 1. OOOOOOOEO 18 
qRV FAL 2 1.0000000E·5 O.OOOOOOOEO 1. OOOOOOOEO 19 I 

qRV FAL 3 1. OOOOOOOE· 5 O.OOOOOOOEO 1. oOOOOaOEO 20 I 

qRV FAL 4 1.0000000E·5 O.OOOOOOOEO 1. OOOOOOOEO 21 
qRV FAL 5 1 . OOOOOOOE· 5 O.OOOOOOOEO 1 .OOOOOOOEO 22 
qRV FAL 6 1 • OOOOOOOE· 5 O.OOOOOOOEO 1 . OOOOOOOEO 23 
qRV FAL 7 1 • OOOOOOOE· 5 O.OOOOOOOEO 1 . OOOOOOOEO 24 
qRV FAL 8 1 • OOOOOOOE·5 O.OOOOOOOEO 1 • OOOOOOOEO 25 
qCANADA 1 1.0000000E·5 O.OOOOOOOEO 1 . OOOOOOOEO 
qCANADA 2 1. OOOOOOOE·5 O.OOOOOOOEO 1.0000000EO 
qCANADA 3 1 • OOOOOOOE·5 O.OOOOOOOEO 1.0000000EO 1 qCANADA 4 1 • oOOOOOoe·5 O.OOOOOOOEO 1 • OOOOOOOEO 

2 qCANADA 5 1. OOOOOOOE·5 O.OOOOOOOEO 1 • OOOOOOOEO 3 qCANADA 6 1. OOOOOOOE·5 O.OOOOOOOEO 1 • OOOOOOOEO 4 qCANADA 7 1 • OOOOOOOE-5 o. OOOOOOOEO 1 .OOOOOOOEO 5 qCANADA 8 1 • OOOOOOOE· 5 O.OOOOOOOEO 1 • OOOOOOOEO 
6 
7 

The following indices of abundance ar. available: 8 
9 

1 10 , , RV SPR 1 
" " 2 RV SPR 2 12 

I, i 3 RV SPR 3 11 4 RV SPR 4 11 
i;:I' 5 RV SPR 5 1! 6 RV _ 6 

1, 
7 RV _ 7 

11 
1;1 

8 RV _ 8 
l' 9 RV FAL 1 2' 

10 RV fAL 2 2 
11 RV fAL 3 2 
12 RV FAI. 4 2 
13 RV FAI. 5 2 
14 RV FAI. 6 

I' 15 IV fAi. 7 
16 IV FAI. 8 
17 IV fAi. 9 
18 CMMA 1 
19 ~A2 
20 ~A3 
21 ~A4 
22 CANADA 5 
Z3 CANADA 6 
24 CAlIADA 7 
25 CANADA 8 

, 

----.. 



that wi ll. be used in this run are: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 18 19 20 21 22 23 24 25 

Cbs Indices (before transformation) by index & yr; with index means 

1964 1965 1966 1967 1968 1969 1970 .1971 19n 1973 1974 1975 1976 19n 1978 
0" ~_ •• __________________________________________________ -------------------------------------------------------.---.------

0.000 0.000 0.000 0.000 0.440 0.000 0.730 0.000 4.410 33.620 2.340 1.030 88.540 0.670 0.080 
0.000 0.000 0.000 0.000 3.100 0.080 0.280 1.270 0.100 5.310 14.570 1.060 0.330 36.610 1.060 
0.000 0.000 0.000 0.000 0.510 0.640 0.000 0.280 0.670 0.000 3.140 3.640 0.650 0.460 17.460 
0.000 0.000 0.000 0.000 o.no 0.280 0.360 0.000 0.130 0.590 0.000 0.690 1.010 1.340 0.390 
0.000 0.000 0.000 0.000 7.360 0.460 0.510 0.130 0.030 O. lOa 0.260 0.000 0.470 0.650 1.030 
0.000 0.000 0.000 0.000 1.850 4.640 0.510 0.130 0.050 0.000 0.000 0.150 0.000 0.490 0.900 
0.000 0.000 0.000 0.000 0.280 1.130 2.190 0.100 0.150 0.200 0.020 O. lOa 0.050 0.000 0.180 
0.000 0.000 0.000 0.000 0.490 0.310 1.080 0.900 0.030 0.020 0.110 0.020 0.000 0.050 0.070 

91.980 2.596 0.359 6.n7 0.032 0.097 0.424 0.048 2.661 7.397 3.543 0.816 25.730 4.735 0.153 
27.830 123.700 11.140 1.050 7.360 0.070 0.030 4.520 0.000 2.760 9.860 1.940 0.690 70.330 2.430 

·0.000 10.110 69.860 84.820 3.170 0.390 1.050 0.000 0.230 0.340 0.000 1.760 1.080 0.780 0.570 21.320 
0.000 7.460 6.390 10.630 20.150 1.090 0.150 0.310 0.020 0.080 0.570 0.000 0.340 5.320 0.590 0.640 
0.000 9.140 1.960 1.180 3.670 7.410 0.360 0.150 0.310 0.020 0.100 0.210 0.000 1.010 0.900 0.650 

000 6.520 4.180 0.880 0.570 1.780 4.230 0.180 0.290 0.240 0.000 0.050 0.020 0.000 0.330 0.720 
000 2.240 1.710 1.000 0.540 0.540 1.390 1.670 0.560 0.030 0.100 0.000 0.000 0.030 0.000 0.390 
000 1.850 0.750 0.880 0.360 0.230 0.290 0.560 1.500 0.100 0.070 0.080 0.000 0.000 0.050 0.040 
000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991··***··· 
-----------------------------------------------_ .. --------------------------------------------------

39.580 5.700 3.760 0.860 0.470 2.290 0.000 2.490 0.000 1.550 0.030 0.890 0.560 9.502 
1.730 51.180 3.740 1.740 0.600 1.290 4.960 0.180 3.620 0.040 3.630 0.000 1. 1 10 5.982 
1.240 0.560 22.190 1.070 0.640 0.700 0.760 2.060 0.060 0.990 0.470 5.940 0.250 2.926 
6.250 1. 140 2.490 4.630 0.240 0.690 0.400 0.240 0.810 0.130 0.740 0.340 1.930 1. 163 
0.360 5.340 0.860 0.470 2.650 0.640 0.870 0.110 0.080 0.320 0.140 0.600 0.090 1.023 
0.180 0.730 2.030 0.320 0.020 0.780 0.340 0.210 0.100 0.120 0.430 0.060 0.100 0.673 
0.410 0.410 0.280 0.700 0.050 0.080 1.170 0.120 0.050 0.110 0.060 0.140 0.030 0.348 
0.070 0.510 0.130 0.000 1.270 0.050 0.100 0.330 0.220 0.120 0.050 0.000 0.040 0.284 

15.050 1.502 13.290 0.431 1.486 6.352 0.032 11.350 0.000 1.800 0.070 0.485 0.800 7.405 
0.960 51.870 3.090 6.980 0.000 0.260 3.640 0.650 5.110 0.000 3.020 0.050 0.700 13.602 
1.180 0.040 14.480 2.360 1.450 0.230 0.960 1.530 0.090 0.790 0.180 2.810 0.030 8.523 

10.560 1.030 0.510 4.210 0.380 0.290 0.260 0.220 1.210 0.100 1.300 0.200 1.240 2.787 
0.210 4.340 0.210 0.240 1.540 0.330 0.310 0.050 0.060 0.770 0.120 0.690 0.050 1.333 
0.290 0.290 1.930 0.470 0.150 1.030 0.070 0.100 0.130 0.060 0.400 0.090 0.180 0.968 
0.510 0.320 0.540 0.600 0.080 0.130 0.490 0.070 0.130 0.060 0.120 0.140 0.040 0.537 
0.010 0.060 0.530 0.000 0.230 0.000 0.000 0.170 0.020 0.020 0.110 0.020 0.000 0.360 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 4.060 0.030 1.470 0.030 0.930 0.760 1.213 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.220 3.040 0.050 5.200 0.110 1.680 1.717 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 6.050 0.690 8.500 0.700 9.860 0.140 4.323 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.070 2.510 0.170 2.050 0.130 8.920 2.475 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.190 0.670 2.880 0.180 3.360 0.110 1.232 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.290 0.080 0.180 0.420 0.230 1.580 0.463 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.340 0.300 0.170 0.030 1.090 0.090 0.337 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.370 0.100 0.110 0.030 0.130 0.440 0.197 



SUMMARY OF ~EIGHTING USED IN THE OBJECTIVE FUNCTION 

• EXOGENOUS ~EIGHTS BY INDEX AND YR (omega) ~.+., •• --
- • I. 000 

• 1963 1964 1965 1966 1967 1968 1969 1970 1971 19n 1973 1974 1975 
_.-+--------------------------------------------_.-._.---_._--.-------------.--------------------------- - ___ woo. • 1 • -99_00 -99_00 -99.00 '99.00 '99.00 1.00 '99.00 1.00 '99_00 1.00 1.00 1.00 1.00 1.00 ••• +, •• ---
2 • ·99.00 '99.00 ·99.00 '99.00 '99.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 • 1.001 
3 • ·99.00 '99.00 '99.00 -99.00 -99.00 1.00 1.00 '99.00 1.00 1.00 -99.00 1.00 1.00 1.00 4 • '99.00 '99.00 '99.00 '99.00 '99.00 1.00 1.00 1.00 -99.00 1.00 1.00 '99.00 1.00 1.00 
5 • -99.00 ·99.00 ·99.00 '99.00 '99.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 -99.00 1.00 6 • '99.00 '99.00 '99.00 '99.00 '99.00 1.00 1.00 1.00 1.00 1.00 '99.00 '99.00 1.00 '99.00 
7 -99.00 ·99.00 '99.00 '99.00 '99.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
8 -99.00 -99.00 '99.00 '99.00 '99.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 '99.00 • 
9 -99.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 w_ .+-. -_. 

10 ·99.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 ·99.00 1.00 1.00 1.00 1.00 1 • .9' 
11 ·99.00 1.00 1.00 1.00 1.00 1.00 1.00 -99.00 1.00 1.00 '99.00 1.00 1.00 1.00 

2 • 
·9' 

12 -99.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 '99.00 1.00 1.00 
l • 

·9 
13 '99.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 -99.00 1.00 4 • ·9 
14 ·99.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 '99.00 1.00 1.00 '99.00 ; . ·9 
15 ·99.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 '99.00 '99.00 1.00 6 • ·9 
16 ·99.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 '99.00 -99.00 7 • .\ 
18 -99.00 ·99.00 '99.00 '99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 '99.00 -9\.00 8 • .\ 
19 ·99.00 '99.00 ·99.00 ·99.00 '99.00 '99.00 ·99.00 '99.00 '99.00 ·99.00 '99.00 '99.00 '99.00 '99.00 9 • -\ 
20 ·99.00 ·99.00 '99.00 ·99.00 '99.00 ·99.00 '99.00 -99.00 '99.00 '99.00 ·99.00 -99.00 '99.00 ·99.00 to • . , 
21 '99.00 ·99.00 '99.00 '99.00 '99.00 '99.00 '99.00 '99.00 '99.00 -99.00 '99.00 '99.00 -99.00 '99.00 \1 • -, 
22 ·99.00 -99.00 '99.00 '99.00 '99.00 '99.00 '99.00 '99.00 '99.00 ·99.00 '99.00 ·99.00 -99.00 '9\.00 12 • ., 
23 '99.00 '99.00 '99.00 -99.00 '99.00 -99.00 -99.00 -99.00 '99.00 ·99.00 '99.00 ·99.00 '99.00 '9\.00 \3 • 
24 '99.00 '99.00 -99.00 '99.00 '99.00 -99.00 -99.00 ·99.00 '99.00 ·99.00 '99.00 -99.00 -99.00 '9\.00 14 iI 
25 '99.00 '99.00 ·99.00 -99.00 '99.00 '99.00 ·99.00 '99.00 '99.00 -99.00 '99.00 ·99.00 '99.00 '9\.00 11 • 

16 • 

• 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 18. 

---+------_.--------------------------------------------------------------------------------------------._-_.- 19 • 
1 • 1.00 1.00 1.00 1.00 1.00 1.00 1.00 '99.00 1.00 -99.00 1.00 1.00 1.00 1.00 20 • 
2 • 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 -99.00 1.00 21 • 
3 • 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 22 • 
4 • 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 23 • 
5 • 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.001.00 1.00 1.001.00 1.00 1.00 24 • 
6 • 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.001.00 1.00 1.00 1.00 1.00 1.00 2; • 
7 • 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
8 • 1.00 1.00 1.00 1.00 -99.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 '99.00 1.00 • 
9 • 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 '99.00 1.00 1.00 1.00 1.00 •• _+- . 

10 • 1.00 1.00 1..00 1.00 1.00 -99.00 1.00 1.00 1.00 1.00 '99.00 1.00 1.00 1.00 1 • 
11 • 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 2 • 
12 • 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.001.00 1.00 1.00 l • 
13 • 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.001.00 1.00 1.00 4 • 

14 • 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 ; . 
15 • 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 6 • 

16 • 1.00 1.00 1.00 1.00 -99.00 1.00 -99.00 -99.00 1.00 1.00 1.00 1.00 1.00 -99.00 7. 

18 • '99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 1.00 1.00 1.00 1.00 1.00 1.00 8 • 

19 • '99.00 -99.00 -99.00 -99.00 -99.00 -99_00 -99.00 -99.00 1.00 1.00 1.00 1.00 1.00 1.00 9 • 

20 • -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 1.00 1.00 1.00 1.00 1.00 1.00 10 • 

21 • '99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 1.00 1.00 1.00 1.00 1.00 1.00 " . 
22 • ·99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 1.00 1.00 1.00 1.00 1.00 1.00 12 • 

13 • 
23 • -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 1.00 1.00 1.00 1_00 1.00 1.00 14 , 
24 • '99.00 -99.00 -99.00 -99.00 -99_00 -99.00 -99.00 -99.00 1.00 1.00 1.00 1.00 1.00 1.00 11 I 
25 • -99.00 '99.00 -99.00 '99.00 -99.00 -99.00 -99.00 -99.00 1.00 1.00 1.00 1.00 1.00 1.00 16 I 

t4egative weights in the IIIoYe t~l. indicate .faaing v.lun 
'18 I 

19 

DOWNWEIGHTS BY YEAR (delt.) 20 

" 1963 1964 1965 1966 1961 1961 1969 1970 1971 1m 1973 1974 1975 1976 1977 1978 22 • 23 
---+-----------------------------------------------.------------------------------------------------------------ 24 

• 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 t 21 

• 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
_.-.--------------------------------------------------------------------.---------------

.'.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

! 
I 



ITERATIVE RE-WEIGHTS BY INDEX (chi) 

2 3 4 5 6 7 B 9 10 I I 12 13 14 15 16 18 
~ .. --------------------------------------------------- --------------------------------------------- ---------

I_DO~O I_DO~O 1_0000 I_DO~O I_DODO I_DODO I_DO~O I_DODO I_DODO 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

19 20 21 22 23 24 25 
.-.--- ----------------._------.-.-.-----------

.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

FINAL SS WEIGHTS BY INDEX NUMBER AND YR - GBHAD 

1964 1965 1966 1967 1968 1969 1970 1971 19n 1973 1974 
.-----------------------------------------------------------------.--------------------------_.------------- -.--. 

-99.0000 -99.0000 -99.0000 -99.0000 1.0000 -99.0000 1.0000 -99.0000 1.0000 1.0000 1.0000 
-99.0000 -99.0000 -99.0000 -99.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1. 0000 
-99.0000 -99.0000 -99.0000 -99.0000 1.0000 1.0000 -99.0000 1.0000 1.0000 -99.0000 1.0000 
-99.0000 -99.0000 -99.0000 -99.0000 1.0000 1.0000 1.0000 -99.0000 1.0000 1.0000 -99.0000 
-99_0000 -99.0000 -99.0000 -99.0000 1.0000 1.0000 1_0000 1.0000 1.0000 1.0000 1.0000 
-99.0000 -99.0000 -99.0000 -99.0000 1.0000 1.0000 1.0000 1.0000 1.0000 -99.0000 -99.0000 
-99.0000 -99.0000 -99.0000 -99.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1. 0000 
-99.0000 -99.0000 -99.0000 -99.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 -99.0000 1.0000 1. 0000 
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 -99.0000 1.0000 1.0000 -99.0000 1.0000 
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 -99.0000 
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1. 0000 1.0000 1. 0000 1. 0000 1.0000 
1.0000 1.0000 1.0000 1.0000 1_0000 1.0000 1.0000 1.0000 1.0000 -99.0000 1.0000 
1.0000 1.0000 1.0000 1.0000 1.0000 1_0000 1.0000 1.0000 1.0000 1.0000 -99.0000 
1.0000 1.0000 I_DO~O 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

-99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 
-99.0000 -99.0000 -99.0000 -99_0000 -99.0000 -99.0000 -99_0000 -99.0000 -99.0000 -99.0000 -99.0000 
-99_0000 -99.0000 -99.0000 -99.0000 -99_0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 
-99.0000 -99.0000 -99.0000 -99.0000 -99_0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 
-99.0000 -99.0000 -99_0000 -99_0000 -99.0000 -99.0000 -99.0000 -99.0000 -99_0000 -99.0000 -99.0000 
-99_0000 -99.0000 -99.0000 -99.0000 -99_0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 
-99.0000 -99.0000 -99_0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 
-99_0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99_0000 -99.0000 -99_0000 -99.0000 -99.0000 

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 
----------------------.-----------------.-------------------------------------------.----.-----------. 

1.0000 1.0000 1.0000 1_0000 1_0000 1.0000 1.0000 1_0000 1.0000 1.0000 -99.0000 1. 0000 
1.0000 1.0000 1.0000 1.0000 1.0000 1_0000 1.0000 1.0000 1.0000 1_0000 1.0000 1.0000 
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1. 0000 1. 0000 
1.0000 1.0000 1_0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1. 0000 1. 0000 

-99.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
1.0000 -99.0000 1.0000 1.0000 1_0000 1.0000 1.0000 1.0000 1.0000 1_0000 1. 0000 1. 0000 
1.0000 1.0000 -99_0000 1_0000 1.0000 1.0000 1_0000 1_0000 1.0000 1.0000 1 .0000 1. 0000 
1.0000 -99_0000 1.0000 1.0000 1.0000 1_0000 ~.OOOO -99.0000 1.0000 1.0000 1.0000 1.0000 
1.0000 1.0000 1_0000 1.0000 1.0000 1.0000 1_0000 1.0000 1.0000 1.0000 1. 0000 1. 0000 
1.0000 1.0000 1_0000 1.0000 1.0000 1.0000 1.0000 1.0000 -99.0000 1.0000 1. 0000 1. 0000 
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1. 0000 
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1. 0000 1. 0000 

99_0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1. 0000 1. 0000 
1 -99.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1. 0000 

1.0000 -99.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1 .0000 1. 0000 
-99.00at 1.0000 1.0000 1.0000 1.0000 1.0000 -99.0000 1.0000 -99.0000 -99.0000 1.0000 
-99.00at -99.0000 -99.0000 '99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 1.0000 

'99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 1.0000 
·99.0000 -99.0000 '99.0000 -99.0000 -99.0000 -99.0000 -99.0000 '99.0000 -99.0000 -99.0000 -99.0000 1.0000 
-99.0000 -99.0000 -99.0000 '99.0000 -99.0000 '99.0000 -99.0000 '99.0000 -99.0000 -99.0000 -99.0000 1.0000 
-99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 '99.0000 -99.0000 1.0000 
-99.0000 -99.0000 -99.0000 -99.0000 '99.0000 -99.0000 -99.0000 -99.0000 -99.0000 '99.0000 -99.0000 1.0000 
-99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 1.0000 
-99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 '99.0000 -99.0000 -99.0000 -99.0000 -99.0000 1.0000 



!'I'I 

I', ,I I 

I',) 

I, ,I 

" 

'i, i 

, 

I ! 

I! 

• 1987 

1 '99.0000 
2 1.0000 
3 1.0000 
4 1.0000 
5 1.0000 
6 1.0000 
7 1.0000 
8 1.0000 
9 '99.0000 

10 1.0000 
11 1.0000 
12 1.0000 
13. 1.0000 
14. 1.0000 
15. 1.0000 
16. 1.0000 
18. 1.0000 
19. 1.0000 
20. 1.0000 
21. 1.0000 
22. 1.0000 
23. 1. 0000 
24. 1.0000 
25. 1.0000 

1988 1989 

1.0000 1.0000 
1. 0000 1. 0000 
1.0000 1.0000 
1. 0000 1. 0000 
1. 0000 1. 0000 
1. 0000 1. 0000 
1. 0000 1. 0000 
1. 0000 1. 0000 
1. 0000 1. 0000 

'99.0000 1.0000 
1.0000 1.0000 
1.0000 1.0000 
1. 0000 1. 0000 
1. 0000 1. 0000 
1. 0000 1. 0000 
1.0000 1.0000 
1. 0000 1. 0000 
1 .0000 1. 0000 
1.0000 1.0000 
1 .0000 1. 0000 
1. 0000 1. 0000 
1. 0000 1. 0000 
1. 0000 1. 0000 
1 .0000 1. 0000 

1990 

1.0000 
·99.0000 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

'99.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1. 0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1991 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

·99.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

Negative weights in the above table indicate missing values 

CATCH AT AGE (millions) . GBHAD 

• 1963 1964 1965 1966 1967 1968 1969 1970 1971 _._. ___ o_. ___ . _______________ •• _______________ . _______ -.------------------.----- .••• ________________________ . ____ ......... , 
1. 2910.000 10101.000 9601.000 114.000 1150.000 8.000 2.000 46.000 1.000 156.000 2560.000 
2. 4047.000 15935.000 125818.000 6843.000 168.000 2994.000 11.000 158.000 1375.000 2.000 2071.000 
3. 7418.000 4554.000 44496.000 100810.000 2891.000 709.000 1698.000 16.000 223.000 450.000 3.000 
4. 11152.000 4n6.000 5356.000 19167.000 20667.000 1921.000 448.000 570.000 40.000 81.000 386.000 
5. 8198.000 8n2.000 4391.000 2768.000 10338.000 14519.000 654.000 186.000 289.000 32.000 53.000 
6. 2205.000 5794.000 6690.000 2591.000 1209.000 3499.000 5954.000 214.000 246.000 120.000 10.000 
7. 1405.000 2082.000 3m.000 2332.000 993.000 667.000 1574.000 2308.000 285.000 78.000 77.000 
8. nl.000 1028.000 1094.000 1268.000 917.000 453.000 225.000 746.000 1469.000 66.000 15.000 
9. 1096.000 1332.000 1366.000 867.000 698.000 842.000 570.000 464.000 928.000 1236.000 447.000 -__ +_--0-----------._-----------------------------------------------------______________________________ . ___ . _____ ........ . 
I •• 39152.000 54324.000 202584.000 136760.000 39031.000 25612.000 "136.000 4708.000 4856.000 2221.000 5646.000' 

• 1974 1975 1976 1m 1978 1979 19SO 1981 1982 1983 1984 _._+ ___ • ___ ._. __ • ______________________________________ • __________ • _______ • _____ ._. _____________________ ._. _____ 0----.-
1. 46.000 192.000 144.000 1.000 1.000 1.000 8.000 1.000 1.000 0.001 0.001 
2 • 4320.000 1034.000 473.000 19585.000 761.000 26.000 31000.000 1743.000 1165.000 214.000 93.000 
3. 657.000 1864.000 550.000 187.000 14395.000 1726.000 347.000 10998.000 1633.000 813.000 297.000 
4 • 2.000 375.000 880.000 680.000 305.000 7169.000 975.000 831.000 3733.000 690.000 n7.0OO 
5. 70.000 4.000 216.000 515.000 567.000 525.000 6054.000 937.000 391.000 2239.000 397.000 
6 • 2.000 42.000 0.001 357.000 517.000 410.000 594.000 25n.000 569.000 2n.000 1482.000 
7 • 2.000 4.000 23.000 4.000 139.000 315.000 546.000 331.000 1119.000 186.000 234.000 
8. 53.000 4.000 4.000 39.000 14.000 96.000 153.000 151.000 106.000 SOO.OOO 267.000 
9. 249.000 88.000 112.000 111.000 67.000 46.000 81.000 94.000 110.000 76.000 543.000 

••• +0.- ___ -----------------------------------_···_----- ____ ._._. ____ • _______________________ • _____ • _________ -------.-.-

1 •• 5401.000 3607.000 2.402.001 21479.000 16766.000 10314.000 39758.000 17665.000 8827.000 5290.001 4040.001 

• 1985 1917 
1_ 

1989 1990 _._+_w_ ... _____________________________________________________ _ 

1. 0.001 6.000 0.001 4.000 0.001 2.000 
2 • 2406.000 54.000 1995.000 52.000 1263.000 12.000 
3. 550.000 2810.000 129.000 2384.000 86.000 1437.000 
4. 194.000 223.000 1613.000 134.000 877.000 160.000 
5. 461.000 146.000 122.000 931.000 143.000 8n.000 
6. 228.000 173.000 73.000 149.000 358.000 97.000 
7. 526.000 150.000 89.000 55.000 46.000 175.000 
8. 78.000 266.000 106.000 64.000 28.000 40.000 
9. 152.000 60.000 135.000 106.000 45.000 43.000 

-.-+0 _____ ----------_.---------------------------------. _______ _ 
I •• 4595.001 3888.000 4262.001 3879.000 2846.001 2838.000 

.. ' 
Z 
3 
4 
5 
6 

Z 
3 
4 
5 
I 



CAA summary for age. 2 9 3 9 4 9 5 9 6 9 

1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 
.--------------------_ .. _---------------------.-----.--------------------------------------------------------------

36242.000 44223.000 192983.000 136646.000 37881.000 25604.000 11134.000 4662.000 4855.000 2065.000 3086.000 
32195.000 28288.000 67165.000 129803.000 37713.000 22610.000 11123.000 4504.000 3480.000 2063.000 ,1011.000 
24m. 000 23734.000 22669.000 28993.000 34822.000 21901.000 9425.000 4488.000 3257.000 1613.000 1008.000 
13625.000 18958.000 17313.000 9826.000 14155.000 19980.000 8977.000 3918.000 3217.000 1532.000 622.000 
5427.000 10236.000 12922.000 7058.000 3817.000 5461.000 8323.000 3732.000 2928.000 1500.000 569.000 

1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 
---------------------------------------------------------------------------------------------------------------

5355.000 3415.000 2258.001 21478.000 16765.000 10313.000 39750.000 17664.000 8826.000 5290.000 4040.000 
1035.000 2381.000 1785.001 1893.000 16004.000 10287.000 8750.000 15921.000 7661.000 5076.000 3947.000 
378.000 517.000 1235.001 1706.000 1609.000 8561.000 8403.000 4923.000 6028.000 4263.000 3650.000 
376.000 142.000 355.001 1026.000 1304.000 1392.000 7428.000 4092.000 2295.000 3573.000 2923.000 
306.000 138.000 139.001 511.000 737.000 867.000 1374.000 3155.000 1904.000 1334.000 2526.000 

1985 1986 1987 1988 1989 1990 
-----------------------------------------------------------
4595.000 3882.000 4262.000 3875.000 2846.000 2836.000 
2189.000 3828.000 2267.000 3823.000 1583.000 2824.000 
1639.000 1018.000 2138.000 1439.000 1497.000 1387.000 
1445.000 795 .000 525.000 1305.000 620.000 1227.000 
984.000 649.000 403.000 374.000 477.000 355.000 

WT AT AGE (MIO'YR) in kg. • GBHAn 

1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 
.--------------------------------------------------------------------------------------------------------------------

0.500 0.580 0.580 0.660 0.590 0.520 0.710 0.670 0.620 0.600 0.720 0.620 0.500 0.530 0.530 0.530 
0.830 0.690 0.730 0.700 0.810 0.780 1.270 1.030 1.030 1.030 1.060 0.980 0.990 1.070 0.940 1.000 
1. 120 1.030 0.890 0.950 1.050 1.100 1.220 1.310 1.740 1.580 1.820 1.630 1.390 1.440 1.500 1.280 
1.430 1.350 1.260 1.180 1.320 1.690 1.930 1.740 2.040 2.130 2.320 2.210 1.990 2.170 2.040 2.020 
1.640 1.670 1.700 1.420 1.570 1.750 2.190 2.390 2.420 2.410 2.830 2.200 2.660 2.730 2.790 2.510 
2.010 1.990 2.070 2.050 2.100 1.990 2.390 2.810 2.920 3.290 3.760 2.940 3.080 3.210 3.190 3.140 
2.400 2.260 2.280 2.310 2.320 2.520 2.580 2.920 3.060 3.420 4.050 4.000 3.690 4.150 3.370 3.780 
2.640 2.660 2.870 2.660 2.620 2.990 3.230 3.100 3.440 3.860 3.920 4.050 4.670 4.000 3.610 3.790 
2.970 3.110 3.180 3.100 2.860 3.630 3.750 3.720 3.660 3.940 4.260 4.330 4.940 4.990 5.110 4.870 

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
----------.--------------------------_ ••••••.•.............. _-------_ ..... 

0.390 0.220 0.330 0.330 0.330 0.450 0.430 0.420 0.530 0.640 
0.870 0.970 1.020 0.920 0.990 0.940 0.830 0.980 0.890 0.970 
1.240 1.450 1.370 1.320 1.390 1.360 1.430 1.340 1.480 1.460 
1.830 1.880 1.830 1.830 1.980 1.830 2.000 1.680 1.790 1.800 
2.300 2.370 2.210 2.200 2.460 2.560 2.250 2.060 2.210 2.110 
2.720 2.760 2.650 2.670 2.nO 2.830 2.630 2.450 2.570 2.580 
3.710 3.240 3.250 2.960 3.060 2.960 3.020 2.970 3.240 2.820 
4.040 3.960 3.360 3.410 3.720 3.460 3.770 3.490 3.560 3.170 
4.440 4.090 4.270 3.720 3.800 3.780 4.290 3.960 3.820 4.160 

WT AT AGE (JAIl 1) in kg •• GBHAD 

1963 1964 1965 1966 1967 19611 1969 1970 1971 19n 1973 1974 1975 1976 1977 1978 1979 
....... _ .. _ ..... _ .... -_ ... _ .... _--------------------_ .... -.. _--_._ .. _-_ ... _-----_ .... _-. __ ...... _ .... _-_ .... -_ .. _ ..... 

0.426 0.517 0.528 0.596 0.513 O.JJJ 0.589 0.540 0.481 0.451 0.617 0.491 0.342 0.398 0.386 0.398 
0.688 0.517 0.651 0.637 0.731 0.678 0.813 0.855 0.831 0.799 0.797 0.840 0.783 0.731 0.706 0.728 
0.987 0.925 0.714 0.833 0.857 0.944 0.975 1.290 1.339 1.276 1.369 1.314 1.167 1.194 1.267 1.097 
1.299 1.231 1.139 1.025 1.120 1.332 1.457 1.457 1.635 1.925 1.915 2.006 1.801 1.737 1.714 1.741 
1.553 1.545 1.515 1.338 1.361 1.520 1.924 2.148 2.052 2.217 2.455 2.259 2.425 2.331 2.461 2.263 
1.838 1.807 1.859 1.867 1.727 1.768 2.045 2.481 2.642 2.822 3.010 2.884 2.603 2.922 2.951 2.960 
2.272 2.131 2.130 2.187 2.181 2.300 2.266 2.642 2.932 3.160 3.650 3.878 3.294 3.575 3.289 3.472 
2.491 2.527 2.547 2.463 2.460 2.634 2.853 2.828 3.169 3.437 3.661 4.050 4.322 3.842 3.871 3.574 
2.970 3.110 3.180 3.100 2.860 3.630 3.750 3.720 3.660 3.940 4.260 4.330 4.940 4.990 5.110 4.870 
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• 19M 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
_._+----------------------._.----------------------------------------------------------. 
1 • 0.437 0.247 0.102 0.198 0.191 0.196 0.331 0.285 0.289 
2 • 0.706 0.692 0.615 0.474 0.551 0.5n 0.557 0.611 0.649 
3 • 1.100 1.080 1.123 1.153 1.160 1 .131 1.160 1.159 1.055 
4 • 1.488 1.488 1.527 1.629 1.583 1.617 1.595 1.649 1.550 
5 • 2.094 1.995 2.083 2.038 2.006 2.122 2.251 2.029 2.030 
6 • 2.660 2.429 2.520 2.506 2.429 2.446 2.639 2.595 2.348 
7 • 3.362 3.235 2.969 2.995 2.801 2.858 2.837 2.923 2.795 
8 • 3.668 3.814 3.833 3.299 3.329 3.318 3.254 3.341 3.247 
9 • 3.870 4.440 4.090 4.270 3.no 3.800 3.780 4.290 3.960 

~ei9hts at age at the start of the spawning season are assumed 
to be the same as the Jan1 weight at age estimates. 

0.392 0.571 
0.611 0.717 
1.204 1.140 
1.549 1.632 
1.927 1.943 
2.301 2.388 
2.817 2.692 
3.252 3.205 
3.820 4.160 

PERCENT MATURE (female.) • G8HAD 

0.375 
0.717 
1.312 
1.870 
1.985 
2.291 
2.788 
2.954 
4.160 

.1~1~1~1_1Wl~lmlmlWllmlmlmlmlml~lmlml~1~11ml~1ml~l; , . ; .; .... ~ .... ~ .... ~ ... -~ .... ~ .... ~ ... -~ .... ~ .... ~ -_ .. ~ _ ... ~ -... ~ -_ .. ~. _ .. ~ .... ~ .... ~ .... ~ .... ~ .... ~ .... ~ .... ~ ... ; 3·····'· ~ 
2. a a a a a 28 28 28 28 28 34 34 34 34 61 26 8 41 52 31 11 44 ~ 2; 
3. 78 78 78 78 78 76 76 76 76 76 92 92 92 92 100 99 71 100 94 67 39 68 97 n 
4. lOa 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 lOa ,:: 
5 • 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 lOa lOa 100 
6. lOa 100 100 100 100 100 100 100 lOa 100 lOa 100 100 100 100 100 100 100 100 lOa 100 lOa lOa ICO 
7. lOa 100 100 100 100 100 lOa 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 lOa ICC 
8. lOa lOa lOa 100 100 lOa lOa lOa lOa lOa lOa lOa lOa lOa lOa lOa lOa lOa 100 lOa lOa lOa lOa 100 
9. lOa lOa lOa 100 lOa 100 100 100 100 100 100 100 100 100 100 100 lOa 100 100 100 100 lOa lOa IIJO 

• 1987 1988 1989 1990 
---+----._--------------
1.26262626 
2. 77 77 77 77 
3.97979797 
4. 100 100 100 100 
5. 100 100 100 100 
6. lOa 100 100 100 
7. lOa 100 100 100 
8. 100 100 100 100 
9. lOa 100 100 100 

SEX RATIO (Percent Female) • GBHAD 

• 1963 1964 1965 1966 1967 1968 1969 1970 1971 19n 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 19116 
- - _+_ - - - - - - - - - - - - - - - _.0 __ .. _ 0 _________ ......... __ ..... ___ ..... ___ .... ____ • ___ ...... __________ .... _____ • ____ ... ___ .. _ .. _______ .. ______ • __ •.••••. , 

1 • SO 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 SO 10 10 ' 
2 • 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 10 
3 • 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 SO 10 10 
4 • 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 10 10 
5 • 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 SO SO 10 
6 • 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 SO 10 
7 • 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 10 10 
8 • 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 \0 10 
9 • 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 10 10 

.1987 1988 1989 1990 
---+_._-------------._.-
1 • 50 50 50 50 
2 • 50 50 50 50 
3 • 50 50 50 5 ... 
4 • 50 50 50 50 
5 • 50 50 50 50 
6 • 50 50 50 50 
7. 50 50 50 50 
8. 50 50 50 50 
9 • 50 50 50 50 

51 



OF RESIDUALS 

1 RV SPR 1 
is tuned to the au. of Jan1 full stock sizes (in number) 

1 
BY YEAR 

Observed Pred Weight Wt lies Std Res FIred Stock-size 
·3.0725 '4.6067 1.0000 1.5342 1.9725 421. 702 
·2.5662 '2.2047 1.0000 ·0.3615 '0.4648 4658.061 
·0.7676 ·1.6022 1.0000 0.8346 1.0730 8508.401 
1.2636 '0.7778 1.0000 2.0415 2.6247 19402.982 

·1.4014 ·1.3899 1.0000 '0.0115 '0.0147 10521.114 
'2.2219 '1. 7106 1.0000 '0.5113 '0.6574 7634.201 
2.2320 0.8917 1.0000 1.3403 1. 7231 103024.629 

·2.6520 ·1.1256 1.0000 '1.5264 '1.9625 13704.311 
·4.7772 '1.9485 1.0000 '2.8287 '3.6368 6018.020 
1.4268 0.6828 1.0000 0.7440 0.9566 83599.850 

·0.5110 '1.4395 1.0000 0.9285 1.1938 10011.438 
'0.9271 .1. 7815 1.0000 0.8545 1.0986 7111.586 
'2.4023 '2.8583 1.0000 0.4560 0.5863 2422.820 
'3.0065 '2.6962 1.0000 '0.3103 '0.3990 2849.309 
·1.4230 '0.9357 1.0000 '0.4873 ·0.6265 16569.942 
·1.3392 ·1.0863 1.0000 '0.2529 ·0.3252 14252.813 
·1.8132 '0.9011 1.0000 '0.9122 ·1.1728 17153.331 
·5.7581 ·4.8827 1.0000 '0.8754 ·1.1255 320.008 
'2.3680 '2.2230 1.0000 '0.1450 '0.1864 4573.352 
·2.8313 ·2.3203 1.0000 ·0.5110 '0.6570 4149.244 

variance for this index is 1.305543 

2 RV SPR 2 
is tuned to the sum of Jan1 full stock sizes (in number) 

: 2 
BY YEAR 

Observed Pred Weight Wt Res Std Rn Pred Stocksize 
'0.6574 '0.7908 1.0000 0.1334 0.1715 9560.474 
'4.3145 ·4.1331 1.0000 '0.1814 '0.2332 338.022 
'3.0617 '3.2629 1.0000 0.2012 0.2587 806.962 
·1.5498 '1. 7208 1.0000 0.1711 0.2199 3m.075 
'4.0914 -4.2516 1.0000 0.1602 0.2060 300.255 
'0.1192 ·1.1279 1.0000 1.0087 1.2968 6824.935 
0.8902 '0.4406 1.0000 1.3308 1. 71 10 13569.435 

'1.7305 '0.8999 1.0000 '0.8306 '1.0679 8572.337 
'2.8974 ·1.2440 1.0000 -1.6534 '2.1258 6076.627 
1.8115 1.3850 1.0000 0.4266 0.5484 84219.136 

.1. 7305 '0.6308 1.0000 '1.0997 '1.4139 11219.236 
·1.2407 ·1.4539 1.0000 0.2132 0.2741 4926.233 
2.1466 1.1n6 1.0000 0.9690 1.2458 68444.863 

'0.4697 '0.9456 1.0000 0.4759 0.6119 8189.434 
'1.2349 ·1.2869 1.0000 0.0520 0.0668 5821.569 
'2.2996 '2.3640 1.0000 0.0644 0.0828 1982.732 
·1.5341 '2.2014 1.0000 0.6672 0.8578 2332.816 
'0.1874 '0.4409 1.0000 0.2535 0.3259 13566.320 
'3.5036 '2.8293 1.0000 -0.6743 '0.8670 1245.0n 
'0.5023 '0.5920 1.0000 0.0897 0.1153 11663.788 
'5.00n -3.Z79Z 1.0000 -1.7285 -2.2223 793.956 
'0.4996 '0.4065 1.0000 -0.0930 -0.1196 14040.341 
'1.6844 -1.7217 1.0000 0.0443 0.0569 3742.534 

vlrflnce for thl. Index I. 0.597133 

3 RV SPR 3 
fl tuned to the lua of Jonl full .tock If.ea (fn number) 

3 
BY YEAR 

Observed Pred Weight Wt R .. Std Rea Pred Stoc:kstz. 
'1.7471 ·1.4027 1.0000 '0.3444 '0.4428 2536.211 
'1.5200 '0.7005 1.0000 -0.8195 -1.0537 5118.371 
'2.3467 '2.9917 1.0000 0.6449 0.8292 517.720 
'1.4742 '1.7213 1.0000 0.2471 O.31n 1844.163 
0.0705 ·1.0222 1.0000 1.0927 1.4049 3710.247 
0.2182 '0.3591 1.0000 0.5n4 0.7423 7200.816 

'1.5045 ·0.5279 1.0000 '0.9767 ·1.2557 6082.834 



= 



~ 

' ... '.'[ . I 

I 

-0_5336 -0_3320 '_0000 -0.2016 ·0.2592 2631.541 
-2.4307 -2.9307 1. 0000 0.5000 0.6428 195.708 

variance for this index is 0.347472 

6 RV SPR 6 
is tuned to the sum of Jan1 full stock sizes (in number) 

6 
BY yEAR 

Observed Pred Weight \,It Res std Res Pred Stocks; ze 
1.0107 1.2193 1.0000 -0.2086 '0.2682 10515.347 
1.9302 1.7235 1.0000 0.2067 0.2657 17410.066 

·0.2778 -1.0148 1.0000 0.7370 0.9475 1126.051 
-1.6447 -1.9064 1.0000 0.2617 0.3364 461.685 
-2.6002 -1.0424 1.0000 -1.5578 -2.0028 1095.368 
-1.5016 -2.0755 1.0000 0.5739 0.7378 389.865 
-0.3178 -0.9812 1.0000 0.6634 0.8529 1164.484 
0.2902 -0.6009 1.0000 0.8910 1. 1456 1703.407 

-1.3193 -0.4464 1.0000 -0.8729 '1.1222 1987.939 
0.0808 -0.6140 1.0000 0.6949 0.8934 1681.109 
1. 1036 1.0179 1.0000 0.0857 0.1102 8596.653 

-0.7439 -0.4175 1.0000 -0.3264 -0.4197 2046.224 
-3.5165 -1. 1130 1. 0000 -2.4035 -3.0901 1020.711 
0.1471 0.2270 1.0000 -0.0799 -0.1028 3898.086 

-0.6833 -1.1813 1.0000 0.4980 0.6402 953.352 
-1. 1651 -1. 6637 1. 0000 0.4986 0.6411 588.464 
-1. 9071 -2.2462 1.0000 0.3391 0.4360 328.665 
-1. n47 -2.0679 1.0000 0_3431 0.4411 392.835 
-0.4485 -0.9857 1.0000 0.5373 0.6907 1159.262 
-2.4179 -2.6219 1.0000 0.2040 0.2623 225_730 
-1.9071 -0.8220 1.0000 -1.0851 ·1.3951 1365.505 

variance for this index is 0.715261 

7 RV SPR 7 
is tuned to the sum of Jan1 full stock sizes (in number) 

7 
BY YEAR 

Observed Pred Weight Wt RH std RH Pred Stocks he 
-0.2182 0_2481 1.0000 -0_4663 -0.5995 1569_ 794 
1.1770 1.4915 1.0000 -0.3145 -0_4044 5443.212 
1.8387 1.9795 1.0000 -0.1408 -0.1810 8866.755 

-1.2478 -0.5199 1.0000 -O.n79 '0.9359 n8.297 
-0.8423 -2.0645 1.0000 1.2222 1.5714 155.406 
-0.5546 '0.4408 1.0000 -0.1139 ·0.1464 788.231 
-2.85n -3.5045 1.0000 0.6473 0.8322 36.821 
-1.2478 -3.6547 1.0000 2.4069 3.0945 31.686 
·1.9409 -1.4715 1.0000 '0.4694 '0.6035 281.191 
'0.6600 '0.6643 1.0000 0.0043 0.0055 630.3n 
0.1632 '0.2788 1.0000 0.4420 0.5683 926.831 
0.1632 0.0256 1.0000 0.1376 0.1769 1256.603 

'0.2182 -0.3785 1.0000 0.1603 0.2061 838.902 
0.6981 1.3471 1.0000 '0.6490 '0.8344 4711.103 

-1.9409 '0.0540 1.0000 '1.8869 '2.4260 1160.454 
-1.4709 '0.7312 1.0000 '0.7397 '0.9511 589.571 
1.2118 0.4'. 1.0000 0.7992 1.0275 1850.513 

'1.0655 '0.1515 1.0000 '0.3079 ·0.3959 574.236 
'1.9409 ·t." 1.0000 '0.6150 '0.7907 325.256 
'1.1525 '1.7972 1.0000 0.6447 0.8289 203.035 
'1.7586 '1.'" 1.0000 0.1219 0.1567 186.805 
'0.9113 '0.6725 1.0000 '0.23811 '0.3070 625.191 
-2.4518 '2.5354 1.0000 0.0837 0.1076 97.043 

variance for this index II 0.700637 

RV SPR 8 
is tuned to tho auo of Jonl 

8 
full Itock lizH (in nuober) 

BY YEAR 
borved Prod \/eight Wt RH std RH Pred Stockshe 
0.5444 0.2708 1.0000 0.2737 0.3518 1176.268 
0.0866 -0.2747 1.0000 0.3613 0.4645 681.712 
1.3347 1.2178 1.0000 0.1170 0.1504 3032.311 



1971 1. 1524 1.7515 1.0000 ·0.5991 ·0. n03 5171. 120 
1972 ·2.2488 -0.9751 1.0000 -1.2737 -1.6375 338.401 1976 
1973 -2.6542 -2.7623 1.0000 0.1080 0.1389 56.658 1977 
1974 -0.9495 -0_4438 1.0000 -0.5057 -0.6502 575 .676 1978 
1975 -2.6542 -3.4552 1.0000 0_8009 1.0297 28.337 1979 
19n -1. 7380 -1.4550 1.0000 -0.2829 -0.3637 209.408 1980 
1978 -1.4015 -2.3986 1.0000 0.9971 1.2820 81.510 1981 
1979 -1.4015 -0.8323 1.0000 -0.5692 -0.7318 390.333 1982 
1980 0.5844 -0.6385 1.0000 1.2230 1.5723 473.801 1984 
1981 -0.7824 -0.5175 1.0000 -0.2650 -0.3407 534.779 1985 
1983 1.4968 1.1539 1.0000 0.3429 0.4409 2844.612 1986 
1984 -1. 7380 -o.nn 1.0000 -1.6002 -2.0574 781.800 1987 
1985 -1.0448 -1. 1973 1.0000 0.1525 0.1961 270.968 1989 
1986 0.1491 0.1468 1.0000 0.0023 0.0030 1039.128 1990 
1987 -0.2564 -0.9869 1.0000 0_7306 0.9393 334.419 1991 
1988 -0.8625 -1.5748 1.0000 0.7123 0.9159 185.767 
1989 -1. 7380 -2.0417 1.0000 0.3038 0.3906 116.465 part i, 
1991 -1.9611 -0.9314 1.0000 -1.0297 -1.3239 353.517 

PartiaL variance for this index is 0.557728 Index 
Ind<> 
for a 
SORTE 

Yr 
Index 9 RV FAL I 196' 
Index is tuned to the sum of Jan' full stock sizes (in number) 196! 
for ages: 1 196< 

il SORTED BY YEAR 196: 
Yr Observed Pred Weight \It Res std Res Pred Stocks he 191> 

1964 2_5194 2.4410 1.0000 0.0783 0_ 1007 471862_ 130 196 
1965 -1.0482 -0.2145 1.0000 -0_8337 -1.0719 33152.206 197 
1966 -3.0266 -2.2958 1.0000 -0.7308 -0_9396 4136.347 197 
1967 -0_0961 -1. 1547 1.0000 1_0586 1.3610 12948.136 197 
1968 -5.4442 -4.5791 1.0000 -0.8651 -1.1123 421.702 197 
1969 -4.3353 -3_7279 1.0000 -0.6074 -0_7809 987.835 197 

197 1970 -2.8602 -2.1770 1.0000 -0_6832 -0_8784 4658_061 
19j 1971 -5.0388 -4_7158 1.0000 -0_3230 -0.4153 367_837 

1972 -1.0235 -1.5746 1_0000 0.5511 0_7085 8508.401 19i 

1973 -0.0011 -0.7502 1.0000 0_7491 0_9631 19402_982 191 
1974 -0.7372 -1.3623 1.0000 0.6250 0.8036 10521.114 191 
1975 -2.2056 -1_6830 1.0000 -0.5225 -0_6718 7634.201 191 

19 1976 1.2454 0_9193 1.0000 0_3261 0.4193 103024.629 19 19n -0.4472 -1.0979 1.0000 0.6507 0.8366 13704_311 19 I' 1978 -3.8795 -1.9209 1.0000 -1.9586 -2_5182 6018.020 19 1979 0.7092 0_7104 1_0000 -0_0012 -0_0016 83599_850 19 1980 -1.5954 -1.4119 1.0000 -0_ 1835 -0_2359 10011.438 11 1981 0.5848 -1.7539 1.0000 2.3387 3_0068 7111.586 II 1982 -2.8439 -2.8307 1_0000 -0.0131 -0.0169 2422.820 11 
I. 1983 -1.6061 -2.6686 1.0000 1.0624 1.3660 2849.309 Ii 1984 -0.1534 -0.9081 1.0000 0.7546 0.9702 16569.942 I! 1985 -5.4442 -3.2964 1.0000 -2.1478 -2.7614 1520.742 Pal I 

1986 0.4270 -1.0587 1.0000 1.4857 1.9101 14252.813 
1988 -1.4144 -0.8735 1.0000 -0.5410 -0.6955 17153.331 

II) 1989 -4.6615 -4.8551 1.0000 0_1936 0.2489 320.008 In ",'I 1990 -2.7258 -2.1954 1.0000 -0.5304 -0.6819 4573.352 In 
1991 -2.2254 -2.2927 1.0000 0.0674 0.0866 4149.244 f' 

Partial varianc. for thl. Index I. 0_957542 
S~ 

i: Index 10 RV FAL 2 
Index is t..nod to tho ... of J .... l full stock .1 ... (In nuober) 

"i for ages: 2 
SORTED BY YEAR 

Yr Obsorved Pred weight Wt R .. Std R .. Prect Stock.iz. 
1964 0.7159 1.2806 1.0000 -0.5647 -0.7260 153495.768 
1965 2.20n 2.1797 1.0000 0.0280 0.0359 3n188.274 
1966 -0.1996 -0.8377 1.0000 0.6380 0.8203 18455.387 
1967 -2.5614 -2.5642 1.0000 0.0028 0.0035 3283.403 
1968 -0.6141 -1.4954 1.0000 0.8813 1.1330 9560.474 
1969 -5.2694 -4.8377 1.0000 -0.4318 -0.5551 338.022 
1970 -6.1167 -3.9675 1.0000 -2.1492 -2.7632 806.962 
1971 -1.1017 -2.4254 1.0000 1.3237 1.7019 3m.075 1 
1973 -1.5950 -1.8324 1.0000 0.2375 0.3053 6824.935 , 

i· 1974 -0.3217 -1.1452 1.0000 0.8235 1.0588 13569.435 I, 
1975 -1.9475 -1.6045 1.0000 -0.3430 -0.4410 8572.337 I , 

I 
! 
8 
~,' 

,I, 
,I,' 

-/ ' .. 



~ 
, 

, 
II 

, 

·2.9813 '1.9486 1.0000 .1. 0327 ·1.3277 6076.627 II 
1.6430 0.6804 1.0000 0.9626 1.2376 84219.136 I .1. n23 ·1.3354 1.0000 '0.3869 ·0.4974 11219.236 

·2.6510 '2.1585 1.0000 ·0.4926 '0.6333 4926.233 
1.3386 0.4730 1.0000 0.8656 1.1128 68444.863 

·1.4820 ·1.6502 1.0000 0.1682 0.2162 8189.434 
·0.6671 ·1.9915 1.0000 1.3243 1. 7027 5821.569 
'3.9573 '2.9060 1.0000 ·1.0513 ·1.3516 2332.816 
·1.3182 .1. 1454 1.0000 ·0.1n8 ·0.2221 13566.320 
·3.0410 '3.5338 1.0000 0.4929 0.6337 1245.077 
·0.9790 '1.2965 1.0000 0.3176 0.4083 11663.788 
·1.5049 ',.,111 1.0000 '0.3938 '0.5063 14040.341 
·5.6059 '5.0924 1.0000 '0.5135 ·0.6602 261.999 
'2.9669 '2.4333 1.0000 '0.5336 '0.6860 3742.534 

variance for this index is 0.676585 

II RV FAL 3 
is tuned to the sum of Jan1 full stock sizes (in number) 

: 3 
BY YEAR 

Observed Pred Weight Wt Res Std Res Pred Stocks i ze 
0.1707 ·0.5193 1.0000 0.6900 0.8871 22754.nl 
2.1037 1.0678 1. 0000 1. 0359 1.3319 111253.121 
2.2977 1.6288 1.0000 0.6689 0.8600 194970.806 

'0.9891 ·1.4560 1.0000 0.4669 0.6002 8918.190 
·3.0844 '2.7134 1.0000 '0.3711 ·0.4771 2536.211 
·2.0940 ·2.0112 1.0000 '0.0828 ·0.1065 5118.371 
·3.6125 ·4.3024 1.0000 0.6899 0.8870 517.nO 
·3.2216 ·3.0320 1.0000 ·0.1896 ·0.2438 1844.163 
·1.5775 '2.3330 1.0000 0.7554 0.9713 3710.247 
'2.0659 ·1.6699 1.0000 '0.3960 '0.5091 nOO.816 
·2.3913 ·1.8386 1.0000 ·0.5527 ·0.7106 6082.834 
'2.7049 '2.1296 1.0000 '0.5754 ·0.7398 4547.133 
0.9168 0.2923 1.0000 0.6245 0.8029 51231.556 

·1.9m .1. 5043 1.0000 ·0.4730 '0.6081 8496.953 
·5.3617 '2.2553 1.0000 ·3.1064 '3.9938 4009.733 
0.5299 '0.3123 1.0000 0.8422 1.0828 27987.955 

·1.2842 '2.0094 1.0000 0.n52 0.9324 5127.809 
·1.7713 '2.3324 1.Q(JQ(J 0.5612 0.n15 3712.162 
·3.6125 ·3.2866 1. 0000 '0.3259 ·0.4190 1429.689 
'2.1836 ·3.0420 1.0000 0.8584 1. 1036 1825.799 
·1.7176 ·1.4546 1.0000 '0.2629 '0.3380 8930.125 
'4.5508 '3.6740 1.0000 '0.8768 '1.1273 970.522 
'2.3785 ·1.5971 1.0000 ·0.7815 ·1.0047 7744.351 
'3.8576 '4.1499 1.0000 0.2923 0.3758 602.984 
·1.1096 ·1.3068 1.0000 0.19n 0.2535 10352.449 
·5.6494 '5.2354 1.0000 '0.4140 '0.5322 203.649 

variance far this index is 0.755507 

12 RV FAL 4 
is tuned to the su. of Jan' full stock .iz .. (in nuober) 

4 
BY YEAR 

Observed , ..... \/eight Wt R .. Std R .. Pred Stacks he 
0.9846 0.5224 1.0000 0.4421 0.5941 20094.852 
0.8298 0.1961 1.0000 0.6330 0.8138 14509.360 
1.3387 1.4504 1.0000 -0.1117 -0.1436 50824.706 
1.9782 1.7475 1.0000 0.2307 0.2966 68411.934 

'0.9388 '0.9335 1.0000 '0.0053 '0.0068 4685.712 
'2.9221 '2.1169 1.0000 '0.8052 '1.0352 1434.944 
'2.1962 ·1.5019 1.0000 '0.6943 '0.8926 2654.154 
'4.9370 '4.0679 1.0000 '0.8691 '1.1174 203.957 
'3.5507 ·3.9827 1.0000 0.4320 0.5554 222.094 
'1.5871 -2.3803 1.0000 0.7932 1.0197 1102.696 
'2.1038 '1.5847 1.0000 -0.5191 '0.6674 2443_215 
0.6465 -1.0408 1.0000 1.6873 2.1693 4208.912 

'1.5526 '0.9778 1.0000 -0.5748 -0.7390 4482.543 
'1.4713 -1.2100 1.0000 '0.2612 -0.3359 3553.673 
1.3321 0.8865 1.0000 0.4456 0.5729 28919.715 

-0.9954 -0.7926 1.0000 -0.2029 '0.2608 5394.967 
·1.6983 '1.3898 1.0000 -0.3085 -0.3966 2968.913 
0.4125 0.0841 1.0000 0.3284 0.4222 12963.197 



» 

1983 ·1.9926 ·1.4nl 1.0000 ·0.5154 ·0.6627 2nO.696 
1984 ·2.2629 ·1.6435 1.0000 ·0.6193 ·0.7962 2303.629 1988 1985 ·2.3nl ·2.5814 1.0000 0.2093 0.2691 901. 793 1989 
1986 ·2.5391 ·2.48011 1.0000 ·0.0583 ·0.0749 997. In 1990 
1987 ·0.8344 ·0.9159 1.0000 0.0816 0.1049 4768.n5 1991 
1988 ·3.3276 ·2.8668 1.0000 ·0.4608 ·0.5924 6n.8n 
1989 ·0.7626 ·1.0469 1.0000 0.2843 0.3655 4183.406 Part i a 
1990 ·2.6344 ·3.3554 1.0000 0.nl0 0.9270 415.866 
1991 ·0.8099 ·0.5073 1.0000 ·0.3025 ·0.3890 7175.617 

trdex 
Partial variance for this index ;s 0.348575 Index 

lor ag 

Irdex 13 RV FAL 5 
SO!!TEO 

!r 
Index is tuned to the sum of Jan1 full stock sizes (in number) 1964 
for ages: 5 1965 
sOtHEO BY YEAR 1966 

Yr Observed Pred Weight Wt Res Std Res Pred Stocksize 1967 
1964 1.9253 1.4532 1.0000 0.4nO 0.6069 27423.029 1968 
1965 0.3855 0.6376 1.0000 ·0.2521 ·0.3241 12130.nO 1969 
1966 ·0.1219 0.0925 1.0000 ·0.2144 ·0.2756 7032.950 1970 
1967 1.0128 1.3311 1.0000 ·0.3183 ·0.4092 24268.731 1971 
1968 1. 7154 1.7611 1.0000 ·0.0457 ·0.0588 37310.680 19n 
1969 ·1.3091 .1. 1m 1.0000 ·0.1920 ·0.2468 2098.144 1973 
1970 ·2.1845 ·2.1202 1.0000 ·0.0643 ·0.0827 769.466 1976 
1971 ·1.4586 ·1.3530 , .0000 ·0.1056 ·0.1358 1657.280 1978 
19n ·4.1994 ·3.8923 1.0000 ·0.3071 ·0.3949 130.792 1979 
1973 ·2.5900 ·4.0787 1.0000 1.4887 1.9141 IOS.544 1980 
1974 ·1.8481 ·2.4496 1.0000 0.6015 0.m3 553.544 1981 
1976 ·0.2n5 ·1.3507 1.0000 1.0733 1.3799 1661.021 1981 
1977 ·0.3928 ·0.8837 1.0000 0.4909 0.6312 2649.709 1981 
1978 ·0.7182 ·0.7415 1.0000 0.0233 0.0299 3054.706 19~ 
1979 ·1.8481 ·0.8898 1.0000 '0.9582 ·1.2320 2633.526 198~ 

1980 1.1805 0.9862 1.0000 0.1942 0.2497 17190.681 19!!j 
1981 ·1.8481 ·0.5955 1.0000 ·1.2526 ·1.6104 3534.809 198i 
1982 .1. 7145 ·1.3400 1.0000 ·0.3745 ·0.4815 1678.821 1981 
1983 0.1444 0.1209 1.0000 0.0235 0.0302 7235.610 198! 
1984 ·1.3961 ·1.3861 1.0000 ·0.0099 ·0.0128 1603.180 199 
1985 ·1.4586 ·1.6526 1.0000 0.1940 0.2494 1228.235 199 
1986 ·3.2831 ·2.4330 1.0000 ·0.8501 ·1.0930 562.788 Part 1987 ·3.10OS ·2.3449 1.0000 ·0.7560 ·0.9719 614.641 
1988 ·0.5488 ·0.9642 1.0000 0.4154 0.5341 2444.840 
1989 ·2.40n ·2.6934 1.0000 0.2858 0.3674 433.746 Indo 1990 ·0.6585 ·0.8906 1.0000 0.2321 0.2984 2631.541 Indo 1991 ·3.2831 ·3.4893 1.0000 0.2061 0.2650 195.708 for 

Partial variance for this index is 0.346829 sotl1 
YI 

19~ 

Index 14 RV FAL 6 1~ 
191 

Inde~ is tuned to the su.'of Jan1 full stock siz .. (in nuober) 191 for ages: 6 191 
SORTED BY YEAR 1'1< 

! 
Yr Observed Prod Weight wt R .. Std R .. Pred Stockshe 19' 

1964 1.9069 1.3333 1.0000 0.5736 0.7375 16350.013 19 
1965 1.4624 1.2174 1.0000 0.2450 0.3150 14560.085 19 
1966 ·0.0958 0.3239 1.0000 ·0.4197 '0.5396 5958.693 19 
1967 ·0.5301 '0.2112 1.0000 ·0.2489 '0.3200 3253.502 19 
1968 0.6087 0.1119 1.0000 '0.2833 '0.3642 10515.347 19 
1969 1.4742 1.3961 1.0000 0.0781 0.1004 17410.066 19 

"'! 1970 '1.6828 '1.3422 1.0000 '0.3405 ·0.4378 1126.051 19 
1971 ·1.2058 ·2.2!3I 1.0000 1.0280 1.3216 461.685 19 
19n ·1.3951 '1.3691 1.0000 '0.0252 ·0.0324 1095.368 1\ 
1974 ·2.9637 ·4.6573 1.0000 1.6936 2.1n4 40.912 1\ 
1975 '3.8800 ·2.4029 1.0000 ·1.4nl ·1.8!991 389.865 Ii 
19n ·1.0766 ·1.3086 1.0000 0.2320 0.2983 1164.484 I' 
1978 ·0.2965 ·0.9283 1.0000 0.6318 0.8123 1703.407 I' 
1979 ·1.2058 ·O.nlB 1.0000 ·0.4320 '0.5554 1987.939 I' 
1980 ·1.2058 '0.9415 1.0000 '0.2644 ·0.3399 1681.109 I' 
1981 0.6896 0.6904 1.0000 '0.0009 '0.0011 8596.653 
1982 ·0.7230 ·0.7449 1.0000 0.0220 0.0282 2046.224 P. 
1983 ·1.8651 '1.4404 1.0000 '0.4246 '0.5460 1020.711 
1984 0.0616 '0.1004 1.0000 0.1620 0.2083 3898.086 , 

1985 ·2.62n ·1.5OS7 1.0000 '1.1185 ·1.4381 953.352 

I 1986 ·2.2705 ·1.9912 1.0000 '0.2794 ·0.3592 588.464 
1987 ·2.0082 '2.5736 1.0000 0.5655 O.n70 328.665 

I 



·2.7814 ·2.3953 1.0000 ·0.3861 ·0.4964 392.835 
·0.8842 ·1.3131 1.0000 0.4289 0.5514 1159.262 
·2.3;";9 ·2.9493 1.0000 0.5734 0.7373 225.730 
·1.6828 .1. 1494 1.0000 ·0.5334 ·0.6857 1365.505 

al variance tor this index is 0.423594 

15 RV FAL 7 
is tuned to the sum of Jan1 full stock sizes (in number) 

7 
BY YEAR 

Observed Pred Weight \.It Res Std Res Pred stocksize 
1.4279 0.9861 1.0000 0.4418 0.5680 5525.899 
1.1579 1.3739 1.0000 ·0.2160 ·0.2777 8143.630 
0.6214 1.0461 1.0000 ·0.4247 ·0.5460 5867.427 
0.0052 0.2065 1.0000 ·0.2013 ·0.25811 2534.132 
0.0052 ·0.2n4 1.0000 0.2776 0.3569 1569.794 
0.9507 0.9710 1.0000 ·0.0203 ·0.0261 5443.212 
1. 1342 1.4589 1.0000 ·0.3247 ·0.41;"; 8866. ;";5 
0.0416 ·1.0404 1.0000 1.0820 1.3911 n8.297 

·2.81152 ·2.5851 1.0000 ·0.3001 ·0.3858 155.406 
·1.6812 ·0.9613 1.0000 ·0.7199 ·0.9255 7811.231 
·2.8852 ·1.9921 1.0000 ·0.8931 ·1.1482 281. 191 
·0.3202 ·1.1848 1.0000 0.8646 1. 1116 630.3n 
·0.0520 ·0.7993 1.0000 0.7474 0.9609 926.831 
·0.5180 ·0.4950 1.0000 ·0.0231 ·0.0297 1256.603 
0.0052 ·0.8990 1.0000 0.9042 1. 1625 838.902 
0.1106 0.8266 1.0000 ·0.7160 ·0.9205 4711. 103 

·1.9043 ·0.5746 1.0000 ·1.3298 ·1.7097 1160.454 
·1.41811 ·1.2517 1.0000 ·0.1671 ·0.2149 589.571 
·0.0920 ·0.1079 1.0000 0.0159 0.0205 1850.513 
·2.0379 ·1.2781 1.0000 ·0. ;";98 ·0.9769 574.236 
.1. 41811 ·1.8465 1.0000 0.4277 0.5498 325.256 
·2.1920 ·2.3177 1.0000 0.1257 0.1616 203.035 
·1.4989 ·2.4011 1.0000 0.9022 1.1599 186.805 
·1.3447 .1. 1931 1.0000 ·0.1517 ·0.1950 625.191 
·2.59;"; ·3.0560 1.0000 0.4585 0.5895 97.043 

l variance for this index ;s 0.400509 

16 RV FAL 8 
is tuned to the su. of Jan1 full stock sizes (in number) 

8 
BY YEAR 

Observed Pred \lelght Wt RH Std RH Prod Stocksl .. 
1.6356 0.7360 1.0000 0.8996 1. 1566 3309.095 
0.7327 0.5102 1.0000 0.2225 0.2860 2640.352 
0.8926 0.7193 1.0000 0.1732 0.2227 3254 .• 394 

·0.0013 0.5302 1.0000 '0.5315 '0.6834 2693.762 
'0.4493 ·0.2983 1.0000 ·0.1509 ·0.1941 1176.268 
·0.21;"; ·0.8431 1.0000 0.6264 0.8053 681.712 
0.4406 0.6486 1.0000 -0.2081 -0.2675 3032.311 
1.4259 1.1124 1.0000 0.2435 0.3130 5171.120 

·1.2822 -1.5442 1.0000 0.2620 0.3369 338.401 
-1.6389 -3.3314 1.0000 1.6925 2.1761 56.658 
-1.5053 -1.0U9 1.0000 -0.4924 -0.6311 5;";.676 
-1.9753 ·Z.1M2 1.0000 0.0488 0.0628 209.408 
-2.1985 -2.9677 1.0000 0.7692 0.9890 81.510 
-3.5848 -1.4014 1.0000 -2.1831 -2.8071 390.m 
-1.7930 -1.2077 1.0000 -0.5854 -0.;";26 473.801 
0.3855 -1.0866 1.0000 1.4nl 1.8927 534.779 

·0.4493 0.5847 1.0000 '1.0340 -1.3294 2844.612 
·0.7516 -0.4223 1.0000 -0.3293 ·0.4233 1039.128 
-2.8916 ·1.5561 1.0000 '1.3356 -1.7171 334.419 
-2.8916 -2.1440 1.0000 '0.7477 -0.9613 185.767 
.1. 1869 -2.6109 1.0000 1.4240 1.8308 116.465 
-2.8916 -2.6560 1.0000 -0.2356 -0.3029 111.321 

varianco for thIs Indox it 0.8117379 



-
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23 CANADA 6 
is tuned to the su. of Jan1 

: 6 
BY YEAR 

Observed 
'0.4686 
-1. 7564 
'0.9455 
'0.0982 
'0.7004 
1.2267 

Prod 
'0.3862 
·0.9687 
-0.7903 
0.2918 

'1.3444 
0.4555 

full stock sizes (in number) 

Weight 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

Wt Res 
·0.0823 
'0.7877 
-0.1551 
'0.3900 
0.6440 
0.7712 

Std Res 
·0.1059 
-1.0128 
·0.1995 
-0.5014 
0.8280 
0.9915 

variance for this index is 0.388492 

24 CANADA 7 
is t1Sled to the SI.JD of Jan1 

7 
BY YEAR 

Observed 
0.0099 

'0.1153 
-0.6833 
'2.4179 
1.1748 

-1.3193 

Pred 
0.1788 

'0.3896 
-0.8609 
'0.9442 
0.2638 

-1.5991 

full stock sizes (in nurber) 

\Ieight 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

Wt Res 
-0.1690 
0.2743 
0.1776 

'1.4737 
0.9110 
0.2798 

Std Res 
-0.21n 
0.3527 
0.2283 

-1.8947 
1.1713 
0.3597 

l vartance for this index is 0.689021 

25 CANADA 8 
is tll\ed to the SLIn of Jan1 

8 
BY YEAR 

Observed 
0.6320 

-0.6763 
·0.5810 
-1.8803 
·0.4140 
0.8053 

Pred 
1.0402 

-0.0935 
-0.6814 
-1.1483 
-1.1935 
-0.0380 

full stock sizes (in number) 

Weight 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

Wt Res 
-0.4083 
-0.5828 
0.1004 

-0.7320 
0.7795 
0.8432 

std Res 
'0.5249 
-0.7493 
0.1290 

'0.9411 
1.0022 
1.0841 

variance for this index is 0.508059 

Pred Stocks;ze 
588.464 
328.665 
392.835 

1159.262 
225.730 

1365.505 

Prect Stocksize 
574.236 
325.256 
203.035 
186.805 
625.191 

97.043 

Prect Stoc:ksize 
1039.128 
334.419 
185.767 
116.465 
111.321 
353.517 

Stardordlzod residuals by index & yr; with row/colunn/grard means 

1963 1964 1965 1966 1967 1968 1969 1970 1971 19n 1973 1974 
.... _- .. _-- .. ----_ .. ----_ .... -----_ ....... -------_._--._---_._.---_.----------------------------._.-- ... _- .. _.-- .... -. 
-99.0000 -99.0000 -99.0000 '99.0000 '99.0000 1.9n5 '99.0000 '0.4648 '99.0000 1.0730 2.6247 '0.0147 
'99.0000 '99.0000 '99.0000 '99.0000 '99.0000 0.1715 '0.2332 0.2587 0.2199 0.2060 1.2968 1. 7110 
'99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '0.4428 ·1.0537 ·99.0000 0.8292 0.3177 '99.0000 1.4049 
'99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '0.5954 '0.3745 '0.8421 '99.0000 1.0378 0.9223 -99.0000 
'99.0000 '99.0000 '99.0000 '99.0000 ·99.0000 '0.4454 ·0.3096 1.1128 '1.6310 ·0.2515 1.5362 0.6700 
'99.0000 '99.0000 '99.0000 '99.0000 '99.0000 ·0.2682 0.2657 0.9475 0.3364 ·2.0028 '99.0000 '99.0000 
'99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '0.5995 ·0.4044 ·0.1810 '0.9359 1.5714 ·0.1464 0.8322 
'99.0000 '99.0000 '99.0000 '99.0000 '99.0000 0.3518 0.4645 0.1504 '0.7703 ·1.6375 0.1389 '0.6502 
'99.0000 0.1007 '1.0719 '0.9396 1.3610 '1.1123 ·0.7809 ·0.8784 '0.4153 0.7085 0.9631 0.8036 
'99.0000 '0.7260 0.0359 0.8203 0.0035 1.1330 '0.5551 '2.7632 1.7019 '99.0000 0.3053 1.0588 
'99.0000 0.8871 1.3319 0.8600 0.6002 ·0.4771 '0.1065 '99.0000 0.8870 '0.2438 '99.0000 0.9713 
·99.0000 0.5941 0.8138 '0.1436 0.2966 '0.0068 ·1.0352 ·0.8926 '1.1174 0.5554 1.0197 '99.0000 
'99.0000 0.6069 '0.3241 '0.2756 '0.4092 '0.0588 '0.2468 '0.0827 '0.1358 '0.3949 1.9141 0.m3 
'99.0000 0.7375 0.3150 '0.5396 '0.3200 '0.3642 0.1004 ·0.4378 1.3216 '0.0324 '99.0000 2.1774 
'99.0000 0.5680 ·0.2m '0.5460 '0.2588 0.3569 ·0.0261 '0.4175 1.3911 '0.3858 '0.9255 '99.0000 
-99.0000 1.1566 0.2860 0.2227 '0.6834 ·0.1941 0.8053 '0.2675 0.3130 0.3369 2.1761 '0.6331 
'99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 -99.0000 
'99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 -99.0000 
'99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 ·99.0000 '99.0000 '99.0000 
'99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 ·99.0000 '99.0000 ·99.0000 '99.0000 -99.0000 
'99.0000 '99.0000 '99.0000 '99.0000 ·99.0000 ·99.0000 ·99.0000 ·99.0000 ·99.0000 '99.0000 '99.0000 '99.0000 
'99.0000 '99.0000 '99.0000 '99.0000 ·99.0000 '99.0000 ·99.0000 '99.0000 '99.0000 ·99.0000 '99.0000 '99.0000 
'99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 ·99.0000 '99.0000 '99.0000 '99.0000 '99.0000 
'99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 ·99.0000 '99.0000 '99.0000 '99.0000 '99.0000 

1.0000 0.4906 0.1386 '0.0677 0.0738 '0.0362 '0.2327 ·0.3399 0.1425 0.05n 0.9854 0.7587 

1 
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• 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 ___ • ______________________________________________________ ~---_--- ___________________ . ____________ . _________ .. ___ ...... '9_ 

1. ·0.6574 1.ml ·1.9625 '3.6368 0.9566 1.1938 1.0986 0.5863 '0.3990 '0.6265 '99.0000 '" 
2. ·1.0679 '2.1258 0.5484 ·1.4139 0.2741 1.2458 0.6119 0.0668 0.0828 0.8578 0.3259 '0.)111 
3. 0.7423 ·1.2557 ·1.3261 0.2355 '0.8550 ·0.9115 1.3210 ·0.3953 '0.6407 0.7013 0.4926 '0.801\ 
4. 0.10OS ·0.1086 0.1739 '1.1144 ·0.2432 ·0.2721 1.5002 0.4027 ·1.3953 0.1764 0.6812 ·0.1~1 
5 • '99.0000 0.0184 ·0.1651 0.2439 '0.9169 0.1384 '0.1757 0.0047 0.3502 0.4610 1.1982 '0.10'1 
6. 0.7378 '99.0000 0.8529 1.1456 ·1.1222 0.8934 0.1102 ·0.4197 '3.0901 '0.1028 0.6402 'O"ln 
7. 3.0945 ·0.6035 '99.0000 0.0055 0.5683 0.1769 0.2061 ·0.8344 '2.4260 '0.9511 1.0275 0.6411 
8. 1.0297 '99.0000 '0.3637 1.2820 '0.7318 1.5723 ·0.3407 '99.0000 0.4409 '2.0574 0.1961 '0')~1 
9. ·0.6718 0.4193 0.8366 ·2.5182 '0.0016 ·0.2359 3.0068 '0.0169 1.3660 0.9702 '2.7614 0.0011 

10. ·0.4410 ·1.3277 1.2376 '0.4974 '0.6333 1.1128 0.2162 1.7027 '99.0000 '1.3516 '0.2221 6. 9101 

11. ·0.5091 ·0.7106 ·0.7398 0.8029 ·0.6081 '3.9938 1.0828 0.9324 0.7215 '0.4190 1.1036 0·6l1/ 
12. '0.6674 2.1693 '0.7390 '0.3359 0.5729 ·0.2608 '0.3966 0.4222 ·0.6627 '0.7962 0.2691 :o:il~ 
13. '99.0000 1.3799 0.6312 0.0299 '1.2320 0.2497 ·1.6104 ·0.4815 0.0302 '0.0128 0.2494 1 
14. ·1.8991 ·99.0000 0.2983 0.8123 '0.5554 '0.3399 '0.0011 0.0282 '0.5460 0.2083 '1.4381 ·O·~III 
15. '99.0000 ·1.1482 '99.0000 1.1116 0.9609 ·0.0297 1.1625 ·0.9205 ·1.7097 '0.2149 0.0205 'o·tl 
16. ·99.0000 '99.0000 0.0628 0.9890 ·2.8071 ·0.7526 1.8927 '99.0000 ·1.3294 '99.0000 '99.0000 '0./69 
18. ·99.0000 '99.0000 ·99.0000 '99.0000 '99.0000 ·99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 ',',;11 
19. ·99.0000 ·99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '0:,: 
20. ·99.0000 ·99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 ·99.0000 '99.0000 '99.0000 '99.0000 '0.)011 
21 • ·99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 0.8641 
22. '99.0000 '99.0000 '99.0000 '99.0000 ·99.0000 '99.0000 ·99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '0.911' 
23. ·99.0000 '99.0000 '99.0000 '99.0000 ·99.0000 '99.0000 ·99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '0.'011 
24. '99.0000 ·99.0000 ·99.0000 '99.0000 ·99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '0.1111 
25 • '99.0000 ·99.0000 '99.0000 '99.0000 ·99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '99.0000 '0.1149 
••• ·0.0174 '0.1308 '0.0468 ·0.1787 '0.3984 '0.0133 0.6053 0.0770 ·0.6138 '0.2105 0.1273 '0.'111 

• 1987 1988 1989 1990 1991*"'······ 
---.---------------------------------------------------------
1 • '99.0000 ·1.1728 '1.1255 ·0.1864 '0.6570 0.0000 
2 • 0.1153 '2.2223 ·0.1196 '99.0000 0.0569 0.0000 
3 • ·1.9593 ·1.0252 1.2991 0.9052 1.8831 '0.0000 
4 • '0.5529 '0.3968 '0.5007 1.4674 0.0381 0.0000 
5 • '0.9800 '0.9728 0.1877 ·0.2592 0.6428 0.0000 
6 • 0.4360 0.4411 0.6907 0.2623 ·1.3951 0.0000 
7 • '0.7907 0.8289 0.1567 '0.3070 0.1076 0.0000 
8. 0.9393 0.9159 0.3906 '99.0000 -1.3239 0.0000 
9 • '99.0000 '0.6955 0.2489 -0.6819 0.0866 0.0000 

10 • 0.4083 '99.0000 -0.5063 '0.6602 -0.6860 0.0000 
11 • -1.1273 -1.0047 0.3758 0.2535 -0.5322 0.0000 
12 • 0.1049 -0.5924 0.3655 0.9270 -0.3890 0.0000 
13 -0.9719 0.5341 0.3674 0.2984 0.2650 -0.0000 
14 0.7270 '0.4964 0.5514 0.7373 -0.6857 0.0000 
15 0.5498 0.1616 1.1599 -0.1950 0.5895 0.0000 
16 .1. 7171 -0.9613 1.83OS -0.3029 -99.0000 0.0000 
18 .1. 7162 -0.4062 -0.2908 0.7048 0.5703 -0.0000 
19 0.0937 -1.7324 0.5454 0.7067 0.7927 -0.0000 
20 -0.2432 0.3151 0.3872 0.1327 -0.2865 0.0000 
21 -0.0510 -1.0041 '0.1429 -O.72OS 1.0540 0.0000 
22 0.5495 0.6493 -0.6921 0.7528 '0.3021 0.0000 
23 -1.0128 -0.1995 -0.5014 0.8280 0.9915 0.0000 
24 0.3527 0.2283 -1.8947 1.1713 0.3597 -0.0000 
25 -0.7493 0.1290 -0.9411 1.0022 1.0841 -0.0000 
•• -0.3452 -0.3774 0.0767 0.3107 0.0985 -0.0000 

·99 in the above table Indlcat .. e .1 .. 1", vel .. 



Percent of total Sllft of squares by index & yrj witn row/column sums 

1963 1964 1965 1966 1967 1968 1969 1970 1971 19n 1973 1974 1975 1976 1977 
----------------------------------------------------------------------------------------------------------------------
·99.00 ·99.00 ·99.00 '99.00 ·99.00 0.98 '99.00 0.05 ·99.00 0.29 1.74 0.00 0.11 0.75 0.97 
·99.00 ·99.00 ·99.00 '99.00 '99.00 0.01 0.01 0.02 0.01 0.01 0.42 0.74 0.29 1.14 0.08 
·99.00 ·99.00 '99.00 '99.00 ·99.00 0.05 0.28 '99.00 0.17 0.03 '99.00 0.50 0.14 0.40 0.44 

00 ·99.00 '99.00 '99.00 '99.00 0.09 0.04 0.18 ·99.00 0.27 0.21 '99.00 0.00 0.00 0.01 
·99.00 ·99.00 '99.00 '99.00 ·99.00 0.05 0.02 0.31 0.67 0.02 0.60 0.11 '99.00 0.00 0.01 
·99.00 ·99.00 ·99.00 '99.00 ·99.00 0.02 0.02 0.23 0.03 1.01 '99.00 '99.00 0.14 '99.00 0.18 
·99.00 ·99.00 '99.00 '99.00 ·99.00 0.09 0.04 0.01 0.22 0.62 0.01 0.17 2.42 0.09 '99.00 
·99.00 ·99.00 ·99.00 '99.00 '99.00 0.03 0.05 0.01 0.15 0.68 0.00 O. I I 0.27 '99.00 0.03 
·99.00 0.00 0.29 0.22 0.47 0.31 0.15 0.19 0.04 0.13 0.23 0.16 0.11 0.04 0.18 
'99.00 0.13 0.00 0.17 0.00 0.32 0.08 1.93 0.73 '99.00 0.02 0.28 0.05 0.45 0.39 
'99.00 0.20 0.45 0.19 0.09 0.06 0.00 '99.00 0.20 0.02 '99.00 0.24 0.07 0.13 0.14 
·99.00 0.09 0.17 0.01 0.02 0.00 0.27 0.20 0.32 0.08 0.26 '99.00 0.11 1.19 0.14 
·99.00 0.09 0.03 0.02 0.04 0.00 0.02 0.00 0.00 0.04 0.93 O. IS '99.00 0.48 0.10 
'99.00 0.14 0.03 0.07 0.03 0.03 0.00 0.05 0.44 0.00 '99.00 1.20 0.91 '99.00 0.02 
'99.00 0.08 0.02 0.08 0.02 0.03 0.00 0.04 0.49 0.04 0.22 '99.00 '99.00 0.33 '99.00 
'99.00 0.34 0.02 0.01 0.12 0.01 0.16 0.02 0.02 0.03 1.20 0.10 '99.00 '99.00 0.00 
'99.00 ·99.00 '99.00 '99.00 '99.00 ·99.00 ·99.00 '99.00 '99.00 '99.00 ·99.00 '99.00 '99.00 '99.00 '99.00 
'99.00 '99.00 '99.00 '99.00 ·99.00 '99.00 '99.00 '99.00 '99.00 '99.00 '99.00 '99.00 '99.00 '99.00 '99.00 
'99.00 ·99.00 '99.00 '99.00 '99.00 ·99.00 '99.00 ·99.00 '99.00 '99.00 '99.00 '99.00 '99.00 '99.00 '99.00 
'99.00 ·99.00 '99.00 '99.00 '99.00 ·99.00 '99.00 ·99.00 '99.00 '99.00 ·99.00 '99.00 '99.00 '99.00 '99.00 
'99.00 ·99.00 '99.00 '99.00 '99.00 '99.00 '99.00 '99.00 '99.00 '99.00 '99.00 '99.00 '99.00 '99.00 '99.00 
'99.00 '99.00 '99.00 '99.00 '99.00 '99.00 '99.00 '99.00 ·99.00 ·99.00 '99.00 '99.00 '99.00 '99.00 '99.00 
'99.00 ·99.00 '99.00 '99.00 ·99.00 '99.00 '99.00 ·99.00 '99.00 '99.00 '99.00 '99.00 '99.00 '99.00 '99.00 
'99.00 ·99.00 '99.00 '99.00 ·99.00 '99.00 '99.00 '99.00 '99.00 ·99.00 '99.00 '99.00 '99.00 '99.00 '99.00 

0.00 1.07 1.00 0.77 0.78 2.09 1.15 3.24 3.51 3.25 5.84 3.77 4.61 5.00 2.69 

1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991***'**** 
-----------------------------------------------------------------------------------------------------------------

3.34 0.23 0.36 0.30 0.09 0.04 0.10 '99.00 0.03 '99.00 0.35 0.32 0.01 0.11 10.17 
0.50 0.02 0.39 0.09 0.00 0.00 0.19 0.03 0.19 0.00 1.25 0.00 '99.00 0.00 5.40 
0.01 0.18 0.21 0.44 0.04 0.10 0.12 0.06 0.02 0.97 0.27 0.43 0.21 0.90 5.97 
0.31 0.01 0.02 0.57 0.04 0.49 0.01 0.12 0.00 0.08 0.04 0.06 0.54 0.00 3.10 
0.02 0.21 0.00 0.01 0.00 0.03 0.05 0.36 0.05 0.24 0.24 0.01 0.02 0.10 3.14 
0.33 0.32 0.20 0.00 0.04 2.41 0.00 0.10 0.10 0.05 0.05 0.12 0.02 0.49 5.87 
0.00 0.08 0.01 0.01 0.18 1.49 0.23 0.27 0.04 0.16 0.17 0.01 0.02 0.00 6.34 
0.42 0.14 0.62 0.03 '99.00 0.05 1.07 0.01 0.00 0.22 0.21 0.04 '99.00 0.44 4.58 
1.60 0.00 0.01 2.28 0.00 0.47 0.24 1.93 0.92 ·99.00 0.12 0.02 0.12 0.00 10.26 
0.06 0.10 0.31 0.01 0.73 '99.00 0.46 0.01 0.10 0.04 '99.00 0.06 O. II 0.12 6.68 
0.16 0.09 4.03 0.30 0.22 0.13 0.04 0.31 0.03 0.32 0.25 0.04 0.02 0.07 7.78 
0.03 0.08 0.02 0.04 0.05 O. II 0.16 0.02 0.00 0.00 0.09 0.03 0.22 0.04 3.73 
0.00 0.38 0.02 0.65 0.06 0.00 0.00 0.02 0.30 0.24 0.07 0.03 0.02 0.02 3.n 
0.17 0.08 0.03 0.00 0.00 0.08 0.01 0.52 0.03 0.13 0.06 0.08 0.14 0.12 4.36 
0.31 0.23 0.00 0.34 0.21 0.74 0.01 0.00 0.24 0.08 0.01 0.34 0.01 0.09 3.96 
0.25 1.99 0.14 0.90 -99.00 0.45 '99.00 ·99.00 0.05 0.74 0.23 0.85 0.02 '99.00 7.66 

'99.00 '99.00 '99.00 '99.00 ·99.00 ·99.00 -99.00 '99.00 0.33 0.74 0.04 0.02 0.13 0.08 1.34 
'99.00 '99.00 ·99.00 -99.00 -99.00 -99.00 '99.00 ·99.00 0.04 0.00 0.76 0.08 0.13 0.16 1. 16 
'99.00 ·99.00 -99.00 '99.00 '99.00 -99.00 -99.00 ·99.00 0.02 0.01 0.03 0.04 0.00 0.02 0.13 
'99.00 '99.00 ·99.00 ·99.00 -99.00 -99.00 -99.00 '99.00 0.19 0.00 0.25 0.01 0.13 0.28 0.86 
'99.00 -99.00 ·99.00 -99.00 -99.00 -99.00 -99.00 '99.00 0.23 0.08 0." 0.12 0.14 0.02 0.70 
'99.00 -99.00 -99.00 -99.00 '99.00 ·99.00 -99.00 ·99.00 0.00 0.26 0.01 0.06 0.17 0.25 0.76 
'99.00 '99.00 '99.00 '99.00 -99.00 -99.00 '99.00 -99.00 0.01 0.03 0.01 0.91 0.35 0.03 1.34 
'99.00 '99.00 -99.00 -99.00 '99.00 ·99.00 -99.00 ·99.00 0.07 0.14 0.00 0.22 0.25 0.30 0.99 

7.51 4.16 6.31 5.99 1.66 6.59 2.70 3.75 3.00 4.55 4.63 3.89 2.77 3.64 100.00 

tho abov. tel. Indl .. t .. a .hal", val .. 

Partial vorione. (and proportion of total' by index 

2 3 4 5 '6 7 8 9 10 

--------------------------------------------------------------------------------------------------------------1.30554294 0.59713279 0.69176917 0.35986326 0.34747173 0.71526086 0.70063704 0.55m776 0.95754196 0.67658452 
0.09453941 0.04324069 0.05009368 0.02605909 0.02516177 0.05179480 0.05073583 0.04038nZ 0.06933931 0.04899410 

II 12 13 14 IS 16 18 19 20 21 22 

-------------------------------_._--------------------------------------------------------------------------------------0.75550748 0.34857523 0.~5 0.42359435 0.40050923 0.88737924 0.68864520 0.59635789 0.06496993 0.44200744 0.36003201 
0.05470921 0.02524168 0.02511519 0.03067410 0.02900242 0.06425856 0.04986746 0.04318458 O.004704n 0.03200747 0.02607131 

23 24 25* ..... ****'**** 
---------._._---------------------------_.-

~.38849207 0.68902135 0.50805871 13.80951073 
.02813221 0.04989470 0.03679049 1.00000000 
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STOCK NUMBERS (Jan 1) in millions· GBHAD 

1 1963 1964 1965 1966 1967 1968 1969 1970 1971 19/1 
•• -.-.--- •••••••••••• - •• -- •• ------- ••• - •• ---- ••• ------.--.-- •• -.--_ •• _--------.-----_.----.--.-----------_.- ___ a_a. 
I 1 190696.201 471862.130 33152.206 4136.347 12948.136 421. 702 987.835 4658.061 367.837 8508 .;~; 
2 1 32265.305 153495.768 3771811.274 18455.387 3283.403 9560.474 338.022 806.962 3m.075 300'1 
3 1 32742.065 22754. nl I I 1253. 121 194970.806 8918.190 2536.211 5118.371 266.796 517. no 1844' Ii: 
41 45819.430 20094.852 14509.360 50824.706 68411.934 4685.712 1434.944 2654.154 203.957 222'094 
51 29030.142 27423.029 12130.770 7032.950 24268.731 37310.680 2098.144 769.466 1657.280 130'/9 
61 9186.251 16350.013 14560.085 5958.693 3253.502 10515.347 17410.066 1126.051 461.685 109S'3J 
7 1 5594.502 5525.899 8143.630 5867.427 2534.132 1569.794 5443.212 8866.755 728.297 155'4 
81 2794.446 3309.095 2640.352 3254.394 2693.762 1176.268 681.712 3032.311 5171.120 338'4°6 
91 4217.236 4250.791 3258.240 2200.925 2031.087 2162.804 1711.221 1873.016 3240.956 6301:2:i 

••• + •• _-_.-.--_.--------------------_.-_.----------------------------_.-------------._----_.-._._.-._._.------- ..••.... 
1.1 352345.579 n5066.297 576836.040 292701.635 128342.878 69938.992 35223.527 24053.570 16120.927 18896.1/9 

1 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 
._-+ •• _-------------.---------------------------------------------.-----------------------.--.--.--.----------- ••••••• 
I 1 19402.982 10521.114 7634.201 103024.629 13704.311 6018.020 83599.850 10011.438 7111.586 2422.820 
2 1 6824.935 13569.435 85n.337 6076.627 84219.136 11219.236 4926;233 68444.863 8189.434 5821.569 
3 1 244.018 3710.247 nOO.816 6082.834 4547.133 51231.556 8496.953 4009.733 27987.955 5127.809 
41 1102.696 197.071 2443.215 4208.912 4482.543 3553.673 28919.715 5394.967 2968.913 12963.197 
5 1 108.544 553.544 159.538 1661.021 2649.709 3054.706 2633.526 17190.681 3534.809 1678.821 
61 78.129 40.912 389.865 127.000 1164.484 1703.407 1987.939 1681.109 8596.653 2046.214 
71 788.231 36.821 31.686 281.191 103.978 630.3n 926.831 1256.603 838.902 4711.103 
81 56.658 575.676 28.337 22.323 209.408 81.510 390.333 473.801 534.m 387.334 
91 1675.954 2695.273 620.622 621.718 592.742 3811.075 185.742 248.594 315.555 398.891 

---+--- .•• -.--_.-._------------------------------------------------------------------------------------------_ .•...... 
1.1 30282.147 31900.091 27080.617 122106.254 111673.443 778110.555 132067.122 108711.789 60078.585 35557.768 

1 1983 1984 1985 1986 1987 19811 1989 1990 1991 
.. _+-----------------------------------------------------------.---------------------------------------1 1 2849.309 16569.942 1520.742 14252.813 969.741 17153.331 320.008 4573.352 4149.244 
2 1 1982.732 2332.816 13566.320 1245.077 11663.7811 793.956 14040.341 261.999 3742.534 
3 1 3712.162 1429.689 1825.799 8930.125 970.522 7744.351 602.984 10352.449 203.649 
4 1 2nO.696 2303.629 901.793 997.177 4768.775 677.872 4183.406 415.866 7175.617 
5 1 n35.610 1603.180 1228.235 562.7811 614.641 2444.840 433.746 2631.541 195.708 
6 1 1020.711 3898.086 953.352 588.464 328.665 392.835 1159.262 225.730 1365.505 
7 1 1160.454 589.571 1850.513 574.236 325.256 203.035 186.805 625.191 97.043 
8 1 2844.612 781.800 270.968 1039.128 334.419 185.767 116.465 111.321 353.517 
9 1 268.128 1574.901 523.825 ,32.712 422.174 304.737 185.909 118.475 113.428 

.- .. +- ... ---- •• - .. ---~----.-------------~- "------- .. _-----------------------------------------------.---
1.1 23794.414 31083.613 22641.547 """Z2.518 20397.980 29900.n4 21228.926 19315.923 17396.244 

SUROar;es for "VOS 2 9 3 9 4 9 5 9 6 9 

1 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 
- _. +- .. - - _ ........ - ...... - _ .. - - - .. - - - - - - - - _ .... _ .. - .. _ ...... - .... - ...... - _ .... _ .... _ .. - _ .. - _ .. _ .. - - ';-.. - .. _ .... - - .... - - _ .. - - - .. _ .... - -. - .. - _ .. _ .. - - - - _. - _ .... _ ......... . 
21 161649.377 253204.167 543683.834 288565.2811 115394.742 69517.289 34235.692 19395.510 15753.090 10387.m 
3 1 129384.0n 99708.400 166495.559 270109.901 112111.339 59956.815 33897.670 185811.541 11981.015 10087.52.1 
4 1 96642.006 76953.679 55242.431 75139.095 103193.149 57420.605 28779.299 18321.752 11463.295 8243.360 
5 1 50822.577 56858.827 40733.071 24314.390 34781.214 52734.893 27344.355 15667.599 11259.338 8021.266 
6 1 21792.435 29435.798 28602.301 lnal.44O 10512.483 15424.213 25246.212 14898.133 9602.058 789<).474 

h. . 

, 

1 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 .. ,:~ 
...•. -......•...•••.•••••••••.•••••••••.•••••.••••.••.•.•..•.... -••.••.••.••.•..•.••.•..•.•..•..•.•.•.....•• ·--······~5'~ 
2 1 10879 165 21378". I~U 416 I-I 625 97969 132 71862 535 a"7 2n -700 351 52966 999 33134.948 2 ';¢.' 
31 4054:230 7809:50 loan:079 1;00.:998 13749:996 60643:299 43541:038 30255:4811 44m:566 27313.378 18961J;ll 
41 3810.212 4099.297 3673.263 6922.164 9202.863 9411.743 35044.086 26245.755 16789.611 22185.~~ m~J~ 
!: ~~:~~ =:= l~:m ~~U~~ i~:m i~:~ ~~:~~ 2::: ~ l~:~:= ~!t551 5291'" 

1 1984 1985 1986 1981 1988 1989 1990 1991 
---+_.-----------------------_ ........ -......... -_ .. -----_ ...... -- .. ---- .. _- .. _---- .... -.. --------_ .... _-- .. _- .... -
2 1 14513.671 21120.805 14169.705 19428.239 12747.392 20908.918 14742.571 13247.000 
3. 12180.854 7554.415 12924.627 7764.451 11953.437 6868.578 1448O.5n 9504.466 
4. 10751.166 5na.686 3994.503 6793.930 4209.086 6265.593 4128.123 9300.817 
5. 8447.537 4826.893 2997.326 2025.155 3531.214 2082.187 3712.257 2125.200 
6 1 6844.358 3598.658 2434.538 1410.515 1086.374 1641.441 1080.717 1929.492 



FISHING ~TALITY - GBHAD 

------------~ 

I! ! 

1964 1965 1966 1967 1968 1969 1971) 1971 19n 1973 1974 1975 1976 19n 1978 1979 

0.02390.38580.0309 0.1033 0.0212 0.0022 0.0110 0.0030 0.0205 0.1576 0.0048 0.0282 0.0015 0.0001 0.00020.0000 
0.12190.4599 0.5273 0.0582 0.4248 0.0366 0.2438 0.5156 0.0074 0.4095 0.4336 0.1431 0.09000.2971 0.0779 0.0059 
0.25000.5834 0.8473 0.4436 0.3695 0.4567 0.0686 0.6463 0.3143 0.01370.2178 0.3370 0.1053 0.0465 0.37180.2542 
0.30470.52420.53920.4063 0.6035 0.4232 0.2709 0.2443 0.5159 0.4892 0.0113 0.1859 0.2628 0.18350.09970.3202 
0.4331 0.51090.5709 0.6364 0.5622 0.4223 0.3108 0.2141 0.3153 0.ns7 0.15050.0281 0.15520.24180.22960.2489 
0.49700.70890.65500.5288 0.4585 0.47470.23580.8888 0.12910.55230.05550.1268 0.0000 0.4137 0.4086 0.2587 
0.5385 0.71n 0.5785 0.5675 0.6341 0.38500.33920.56650.80900.11420.06190.15030.0947 0.0434 0.2793 0.4710 
0.42060.61230.5632 0.4nO 0.55450.45380.3173 0.3768 0.2428 0.3461 0.1073 0.1696 0.2207 0.23050.21050.3172 
0.42060.61230.5632 0.4nO 0.5545 0.4538 0.3173 0.3768 0.2428 0.3461 0.1073 0.1696 0.2207 0.23050.21050.3172 

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

0.0002 0.0005 0.0000 0.0000 0.0000 0.0005 0.0000 0.0003 0.0000 0.0005 
0.26820.25000.12700.0451 0.21820.0491 0.2095 0.0751 0.10470.0519 
0.56970.4338 0.2nl 0.2608 0.4048 0.4273 0.1589 0.4158 0.1715 0.1665 
0.3701 0.3831 0.3289 0.4289 0.2715 0.2839 0.4681 0.2465 0.2636 0.5537 
0.3467 0.2976 0.4185 0.3198 0.5358 0.3379 0.2476 0.5462 0.4531 0.4560 
0.4015 O.36n 0.3489 0.5450 0.3069 0.3929 0.2817 0.5433 0.4175 0.6442 
0.5n8 0.30450.1950 0.5n4 0.3nl 0.3406 0.3601 0.3558 0.31n 0.371)1 
0.3953 0.3602 0.3n2 0.4739 0.3829 0.3325 0.4313 0.4792 0.3088 0.5060 
0.3953 0.3602 0.3n2 0.4739 0.3829 0.3325 0.4313 0.4792 0.3088 0.5060 

Avg F for age. 2 9 3 9 4 9 5 9 6 9 

1964 1965 1966 1967 1968 1969 1971) 1971 19n 1973 1974 1975 1976 19n 1978 1979 

0.37330.5911 0.60560.4481 0.52020.3883 0.2630 0.47870.3221 0.3809 0.1432 0.1638 0.1437 0.2109 0.2360 0.2741 
0.40920.6099 0.6167 0.50380.5338 0.4385 0.2657 0.4734 0.3670 0.3768 0.1017 0.1667 0.15130.1986 0.2586 0.3125 
0.43570.61430.5783 0.5138 0.5612 0.4355 0.2986 0.4446 0.3758 0.4313 0.0823 0.1384 0.1590 0.2239 0.2397 0.3222 
0.46200.6323 0.5861 0.53530.55270.4379 0.3041 0.4846 0.3478 0.4269 0.09650.1289 0.1383 0.2320 0.26n 0.3226 
0.46920.66270.5900 0.5101 0.5504 0.4418 0.3024 0.5522 0.3559 0.3397 0.0830 0.1541 0.13400.2295 0.2n2 0.3410 

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

0.4149 0.3446 0.3050 0.3906 0.3600 0.3121 0.3236 0.3927 0.2932 0.4068 
0.4359 0.3581 0.3304 0.4400 0.3803 0.3497 0.3398 0.4380 0.3201 0.4575 
0.4136 0.3455 0.3393 0.4698 0.3762 0.3367 0.3700 0.4417 0.3449 0.5060 
0.4223 0.3379 0.3414 0.4780 0.3971 0.3473 0.3504 0.4808 0.3612 0.4965 
0.4412 0.3480 0.3221 0.5176 0.3625 0.3497 0.3761 0.4644 0.3382 0.5066 

Avg f (weIghted by N) for Iges 2 9 3 9 4 9 5 9 6 9 

1964 1965 1966 1967 1968 1969 1970 1971 19n 1973 1974 1975 1976 19n 1978 1979 

0.2238 0.5002 0.7510 0.4573 0.5246 0.4466 0.3095 0.4238 0.2519 0.3819 0.3337 0.2199 0.14250.27930.30540.2731 
0.3808 0.5915 0.7663 0.4690 0.5406 0.4507 0.3124 0.3950 0.2592 0.3354 0.1599 0.2804 0.1671 0.1706 0.3475 0.3033 
0.4195 0.6078 0.5562 0.4712 0.5481 0.4496 0.3159 0.3a36 0.2468 0.3560 0.1076 0.1696 0.2214 0.2319 0.2153 0.3153 
0.4601 0.63760.59160.5989 0.5432 0.4510 0.3235 0.3861 0.2394 0.30180.1125 0.13n 0.15n 0.2779 0.2855 0.2921 
0.4852 0.6913 0.6000 0.5126 0.4971 0.4534 0.3242 0.4158 0.2381 0.2820 0.1062 0.1534 0.1604 0.3241 0.3464 0.3247 

1981 19112 1915 1984 1915 1986 1987 1988 1989 1990 .. , ..... ----------_ .......... _----------------------------------------------
0.4669 0.3501 0.3316 0.3831 0.2792 0.3670 0.2840 0.4160 0.1678 0.2483 
0.5033 0.37211 0.3530 0.4479 0.38U 0.3976 0.3960 0.4387 0.2969 0.2519 
0.3926 0.3577 0.1714 0.4727 0.3a36 0.3312 0.4299 0.4807 0.3090 0.4659 
0.3975 0.3219 0.31D6 0.4847 0.4046 0.3469 0.3398 0.5256 0.4002 0.4561 
0.4149 0.3273 0.3289 0.5233 0.3598 0.3490 0.3800 0.4793 0.3862 0.4563 

Avg f (wt by cltch) for Ig .. 2 9 3 9 4 9 5 9 6 9 

1964 1965 1966 1967 1968 1969 1970 1971 19n 1973 1974 1975 1976 19n 1978 1979 

0.3009 0.5069 0.7698 0.48130.53120.45220.31510.4548 0.2847 0.4099 0.3846 0.2540 0.1740 0.2914 0.3483 0.3068 
0.40170.59500.7826 0.4832 0.5453 0.4526 0.3176 0.4308 0.2850 0.41070.1800 0.3022 0.1963 0.2327 0.3612 0.3076 
0.4309 0.6171 0.5575 0.4865 0.5510 0.4519 0.3185 0.4160 0.2768 0.4119 0.1143 0.1767 0.2369 0.2531 0.26580.3183 
0.46260.6468 0.5932 0.6036 0.5460 0.4533 0.3255 0.4182 0.2642 0.3640 0.1148 0.1524 0.ln7 0.2992 0.3047 0.3090 
0.4871 0.6929 0.6019 0.5148 0.5027 0.4558 0.3262 0.4383 0.2631 0.32560.10670.1560 0.1998 0.3570 0.3625 0.3454 
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• 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
~--+---.-----.-----.--.-------------------------------------.-----_.-------------
2 • 0.6418 0.4918 0.3596 0.3542 0.4572 0.3055 0.3976 0.3239 0.4436 0.2212 0.3157 
3 • 0.4562 0.5163 0.3762 0.3638 0.4669 0.4014 0.4025 0.4245 0.4486 0.3142 0.3169 
4 • 0.4708 0.3969 0.3606 0.3803 0.4837 0.4003 0.3341 0.4405 0.5028 0.3223 0.4726 
5 • 0.5034 0.4024 0.3241 0.3902 0.4973 0.4176 0.3482 0.3557 0.5291 0.4055 0.4620 
6 .0.5492 0.4189 0.3295 0.3428 0.5252 0.3622 0.3505 0.3884 0.4866 0.3912 0.4768 

BACKCALCULATED PARTIAL RECRUITMENT 

.1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1 _. _+_ • ______ • ___ - - ----------- - ------ - --.- - ------ - ----- __ - ___ a _________ • _______ • ___________ • _____________ • ___ a _. __ A. 985 l¥-;f 

1 .0.05 0.04 0.54 0.04 0.16 0.03 0.00 0.03 0.00 0.03 0.20 0.01 0.08 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000·00····· 
2.0.400.230.64 0.62 0.09 0.67 0.08 0.72 0.58 0.01 0.53 1.000.420.34 0.72 0.19 0.01 1.000.470.580.300.08 0'41 
3 .0.77 0.46 0.81 1.00 0.70 0.58 0.96 0.20 0.73 0.39 0.02 0.50 1.00 0.40 O. II 0.91 0.54 0.14 0.99 1.00 0.66 0.45 0'/6 
4.0.84 0.570.73 0.64 0.64 0.95 0.89 0.80 0.27 0.64 0.63 0.03 0.55 1.000.44 0.24 0.68 0.32 0.65 0.88 0.79 0.740'51 
5 .1.000.800.71 0.671.000.89 0.89 0.92 0.24 0.39 1.000.350.080.590.580.560.530.71 0.61 0.69 1.00 0.55 1'00 
6.0.820.920.99 0.77 0.83 0.72 1.000.70 1.00 0.16 0.710.130.380.001.001.000.550.710.700.850.83 0.940:570" 
7 .0.87 1.00 1.000.68 0.89 1.00 0.81 1.00 0.64 1.00 O. IS 0.14 0.45 0.36 0.11 0.68 1.00 0.94 1.00 0.70 0.47 1.00 0.70 o'~ 
8 .0.90 0.78 0.85 0.66 0.74 0.870.960.94 0.42 0.30 0.45 0.25 0.50 0.84 0.56 0.52 0.67 0.64 0.69 0.83 0.89 0.820.71 o'n 
9 .0.900.78 0.85 0.66 0.74 0.87 0.96 0.94 0.42 0.30 0.45 0.25 0.50 0.84 0.56 0.52 0.67 0.64 0.69 0.83 0.89 0.820.71 o:li. 

• 1987 1988 1989 1990 
---+------------------_. 
I .0.00 0.00 0.00 0.00 
2 .0.45 0.14 0.23 0.08 
3 .0.34 0.76 0.38 0.26 
4 .1.00 0.45 0.58 0.86 
5 .0.53 1.00 1.000.71 
6 .0.60 0.99 0.92 1.00 
7 • 0.77 0.65 0.70 0.57 
8 .0.92 0.88 0.68 0.79 
9 .0.92 0.88 0.68 0.79 

• 1963 1964 1965 1966 

MEAN BIOMASS (MT) 

1967 1968 1969 1970 1971 1972 
---.----------------------------------------------------_.--._-------_.-. __ .-----_._------._ .. _-_.-._--_.---.---_ ..... . 
1. 97711.553 211379.943 14552.475 2142.216 7371.414 223.209 465.063 2981.647 223.045 4734.173 
2. 23693.406 108931.989 190530.499 9573.086 2025.623 5758.798 234.785 827.631 2774.944 279.300 
3. 30569.037 20522.759 79447.600 107550.006 6247.684 2030.269 4127.602 285.445 457.586 2508.719 
4. 52681.447 22564.336 13937.206 45266.243 60533.460 4251.076 1804.695 4085.303 286.533 323.547 
5. 37105.722 33320.571 14499.163 8334.m 23351.153 40990.148 2733.510 1319.542 3243.204 247.346 
6. 15483.663 23665.715 19032.903 8291.042 4736.088 16176.197 25196.665 2181.534 790.422 2n5.506 
7. 10227.782 9377.112 12046.787 9295.011 4086.837 2470.171 10384.633 17682.477 1485.362 299.m 
8. 6577.008 6508.838 4808.657 6533.089 5217.566 2163.863 1496.295 7646.748 12181.404 940.558 
9. 10121.589 9406.251 6937.832 4895.521 4584.766 4343.157 4559.926 5483.696 9161.510 18634.037 
---+-_.----------------- .. ----------------------------------------------._----._------------------_.--------.-------_ .. I'. 284171.207 445677.515 355793.121 201880.987 118154.591 78406.888 51003.174 42494.023 30604.010 30692.659 

• 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 
---+-..• ----------------------._----------------------------------------------._----_._.----------------------------
1. 9787.641 6849.707 4232.009 46653.124 6582.794 2890.581 40158.060 4988.475 2513.579 482.994 
2. 5263.676 10654.142 7111.421 5222.225 71010.038 9207.419 4452.272 42526.488 5689.461 4547.395 
3. 347.141 5519.598 9081.737 7286.435 5803.222 58527.249 8741.044 4190.588 24206.406 5507.045 
4. 1697.244 412.135 4479.730 6705.100 8079.135 6264.139 45549.112 7611.207 4141.117 18466.592 
5. 167.046 1321.41' 313.832 3711.914 5847.195 6921.269 5325.745 26910.807 6262.990 3134.534 
6. 180.652 135.746 m.767 354.524 2793.604 4070.356 5006.461 3416.735 17572.002 4310.280 
7. 2313.276 131. I" 106.927 898.659 382.997 1687.699 2552.153 3041.700 2167.836 11987.087 
8. 168.516 1942 •• ' 95.944 85.097 680.660 241.338 1155.038 1245.035 1621.102 1174.366 
9. 5088.024 9885.290 2246.591 2507.071 2403.489 1626.456 706.256 710.128 1055.806 1249.107 ___ +_a ____ • _____ • _____________________________________ • _____ • _____________________________ a ________________ • _______ _ 

I'. 25013.217 36852.095 28645.966 73431.150 103583.134 91443.506 113646.142 94641.164 65237.297 50859.400 

.' 



1983 1984 1985 1986 1987 1988 1989 1990 

852.212 49'55.974 454.845 5811.785 377.936 6528.867 153.720 2652.206 
1724.989 1903.447 10976.264 1035.979 7943.667 680.215 10771.576 224.652 
4044.380 1512.113 1904.265 9021.308 1166.113 7748.250 745.39'5 12654.133 
3866.628 3129.189 1423.659 1446.694 69'56.745 918.550 5992.453 525.758 

··11924.950 2750.540 2138.894 1114.324 1114.855 3549.054 703.876 4071.877 
2081.627 7338.058 2034.141 1256.324 685.975 679.076 2222.840 393.292 
3115.762 1213.111 4302.408 1312.981 752.084 462.610 472.461 1343.776 
7277.989 1939.542 763.860 2787.556 934.856 470.559 324.959 253.109 
871. 804 4262.315 1508.419 682.006 1342.956 875.872 556.603 353.501 
-----------------------------------------------------------------------------------

35760.342 29004.288 25506.756 24468.958 21275.186 21913.053 21943.881 22472.304 

Summaries for ages 2 9 3 9 4 9 5 9 6 9 

1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 
-------------------------------------------------------------.----------------------------------------------"---

186459.654 234297.572 341240.646 199738.771 110783.177 78183.678 50538.110 39'512.376 30380.965 25958.485 
162766.247 125365.583 150710.147 190165.686 108757.554 72424.880 50303.326 38684.745 27606.021 25679.185 
132197.211 104842.823 71262.547 82615.679 102509.870 70394.611 46175.724 38399.300 27148.435 23170.466 
79515.763 82278.487 57325.341 37349.436 41976.410 66143.536 44371.030 34313.997 26861.902 22846.919 
42410.042 489'57.916 42826.178 29014.663 18625.257 25153.388 41637.520 32994.455 23618.698 22599.573 

1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 
----------------------------------------------------------------------------------------------------------------------

30002.387 24413.956 26778.025 97000.340 88552.925 73488.081 89652.688 62723.718 50376.406 34908.130 
19348.245 17302.536 21555.800 25990.302 79345.506 69035.809 47126.200 57034.258 45829.011 33183.141 
13828.647 8220.798 14269.365 20187.080 20818.257 60294.765 42935.612 32827.852 40321.966 29138.761 
13416.512 3741.068 7564.265 12107.946 14554.118 14745.653 35324.405 28686.734 21855.374 25272.133 
1209'5.093 3427.236 3845.352 6260.751 7625.849 9419.908 8413.598 22423.745 18720.840 13347.183 

1984 1985 1986 1987 1988 1989 1990 

25051.911 18657.173 20897.250 15384.186 21790.161 19820.098 
14075.647 17621.194 129'53.583 14703.971 11018.586 19'59'5.446 
12171.383 8599.886 11787.470 69'55.721 10273.191 6941.313 
10747.723 7153.192 4830.725 6037.171 4280.738 6415.555 
8608.829 6038.868 3715.870 2488.117 3576.862 2343.677 

CATCH BIOMASS (MT) 

1963 1_ 1965 1966 1967 1968 1969 1970 1971 1972 1973 
.. _--.---.-------------._------------------------------------------------------------------_ ..........••..•........... 

5060.939 5613.660 66.264 761.574 4.730 1.042 32.720 0.671 96.914 1542.601 
13274.999 87623.9'54 5047.536 117.910 2446.344 8.600 201.811 1430.761 2.064 2155.394 
5130.252 46351.748 91127.394 2771.318 750.276 1885.119 19.575 29'5.752 788.408 4.749 
6875.770 7305.712 24407.280 24592.789 2565.375 763.719 1106.906 70.000 166.934 830.245 

14431.114 7407.535 4758.106 14859.574 23045.933 1154.460 410.130 694.329 77.976 129.584 
11761.686 13491.809 5430.634 2504.385 7416.244 11961.857 514.324 702.561 351.739 99.771 
5049.891 8640.317 5376.9'54 2319.298 1566.316 3998.544 5998.242 841.426 242.273 264.281 
2737.459 2944.497 3679.305 2462.452 1199.782 678.9'55 2426.346 4590.090 228.338 58.331 
39'56.040 4248.260 2757.060 2163.800 2408.120 2069.100 1740.000 3452.160 4523.760 1761.180 ---_._------_._-_ .............. _ .. ------_. __ .. -----_.-... _----_._------_ ............... -_ .. __ ... -_ ....... 

68278.149 183627.492 142650.534 52553.100 41403.121 22521.39'5 12450.054 12077.749 6478.407 6846.135 

1m 1976 1m 1978 1979 1980 1981 1982 1983 1984 .. -.. _ .. _._ ...... -........ _ ......... __ .... _ .. _--_._._-...... _--_ .... _. __ ...... _--_ .......... __ . __ ...... __ ........ . 
119.2M n.l22 0.531 0.531 0.531 4.407 0.391 0.220 0.000 0.000 
1017.~ 469.754 21094.703 717.463 26.046 29'524.197 1525.721 1136.646 219.107 85.767 
3060.455 767.118 269.938 21762.310 2222.333 421.274 13789.418 2388.906 1120.815 394.399 
832.7VZ 1761.7'95 1482.578 624.272 14582.827 169'5.832 1532.646 7074.545 1271.729 1342.133 

8.81' 577.005 1413.966 1590.626 1325.418 13266.878 2171.147 932.814 4990.939 879.513 
123.947 0.003 1155.779 1663.207 129'5.101 1691.676 7054.298 1582.669 726.193 3999.406 

16.067 85.146 16.640 471.393 1202.022 1990.229 1241.752 3650.014 607.474 700.443 
16.273 18.780 156.860 50.802 366.371 549.592 643.589 422.980 2709.157 919.171 

381.040 553.280 553.890 342.370 224.020 313.470 417.360 449.900 324.520 2019.960 
..... -.. _--- .. __ ... _._---_._----------_._-_._--.. _ ..... __ .. _-_ ..... _ .... _-_ .. _---------_ ...... --_ ... _-_ ......•.. -... 

5576.026 4305.002 26144.885 27222.975 21244.668 49457.557 28376.320 17638.694 11969.936 10340.792 
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• 1985 1986 1987 1988 1989 1990 
---+------------------------------------------------------------1. 0.000 2.705 0.000 1.683 0.001 1.282 
2. 2394.581 50.886 1664.399 51.109 1127.908 11.669 
3. 770.931 3855.175 185.267 3222.016 127.857 2107.348 
4. 386.500 410.703 3256.521 226.421 1579.348 291.132 
5. 1146.058 376.488 276.092 1938.480 318.941 1856.960 
6. 624.368 493.612 193.212 368.957 927.993 253.354 
7. 1622.358 447.262 270.841 164.591 150.078 497.367 
8. 292.495 926.997 403.157 225.514 100.360 128.079 
9. 577.600 226.800 579.150 419.760 171.900 178.880 

---+---------------------------------------------------.--------1+. 7814.892 6790.627 6828.639 6618.532 4504.385 5326.072 

Summaries for ~ges 2 9 3 9 4 9 5 9 6 9 

• 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 t •••• ___________________________________________________________________________________ • _________ • _________ • ____ a. 11'1 

2 • 56436.859 63217.210 178013.832 142584.270 51791.526 41398.391 22520.354 12417.334 12077.078 6381.49j"iioi'i'l 
3 • 52901.331 49942.211 90389.878 137536.733 51673.616 38952.047 22511.754 12215.523 10646.317 6379.429 J }~ 
4 • 44091.427 44811.959 44038.130 46409.339 48902.298 38201.771 20626.636 12195.948 10350.564 5591.020 J:;h~f 
5 • 27585.008 37936.189 36732.418 22002.059 24309.509 35636.396 19862.916 11089.042 10280.565 5424.086 2JIl"'!~ 
6. 13703.535 23505.075 29324.883 17243.953 9449.935 12590.463 18708.456 10678.912 9586.236 5346. 110 218J:,~I~ 

• 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 I 
---.-------------------------------------------------------------------------------------------------------- .. ----........ t 
2 • 7310.442 5456.731 4232.880 26144.354 27222.444 21244.137 49453.149 28375.930 17638.474 11969.935 10340./92 I 
4. 1488.456 1378.848 2996.009 4779.713 4742.670 18995.759 19507.678 13060.791 14112.922 10630.014 9860.626' 
3. 2690.535 4439.303 3763.127 5049.651 26504.981 21218.092 19928.953 26850.209 16501.828 11750.829 10255.021 I,',',' 

5. 1483.808 546.146 1234.214 3297.134 4118.398 4412.932 17811.846 11528.145 7038.377 9358.284 8518.<91' 
6 • 1284.880 537.327 657.209 1883.169 2527.m 3087.514 4544.968 9356.998 6105.563 4367.345 7638.960 l 

• 1985 1986 1987 1988 1989 1990 I ... +............................................................ • 
2 • 7814.892 6787.922 6828.638 6616.849 4504.385 5324.790 ~ 
3. 5420.311 6737.036 5164.239 6565.740 3376.476 5313.120 ~. 
4 • 4649.380 2881.861 4978.973 3343.724 3248.620 3205.m 'I 
5 • 4262.880 2471. 159 1722.452 3117.303 1669.272 2914.6401 
6 • 3116.822 2094.670 1446.360 1178.823 1350.330 1057.680 ,1 

1972 ., •• i •. ·
1
; .. · .... '~'~. S5B AT THE START Of THE SPAWNING SEASON • mol .. , feooles (MT) 

• 1963 1964 1965 1966 1967 1968 1969 1970 1971 
-.. +--.--.-.-.--- ... -----.--------------~-.-.-------.-.-----_ ... ----------------------.-------------------- ...... -_.... ~ 
1 • 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
2 • 0.000 0.000 0.000 0.000 0.000 1674.230 60.518 164.333 755.250 66.311 
3. 24229.829 15655.932 65963.719 91722.167 4931.957 1433.194 3115.895 184.952 410.730 1649.948 , 
4. 56088.031 23008.840 14886.633 48130.659 60248.078 4292.292 1635.730 3437.704 265.921 303.568'.· .•.. ·•· •.. 1· 

5. 38626.227 36346.127 15693.878 8786.831 26337.264 41972.594 2729.430 1302.848 3209.331 235.950 
6. 16462.907 25240.3n 20957.204 11946.722 5062.038 15402.292 25996.678 2065.208 872.372 2665.163 ,'.,'1' 

7. 10877.979 10436.204 13800.134 10287.730 4573.931 2779.094 10817.945 17557.233 1588.473 354.104 
8. 6532.898 7057.761 5445.157 6848.635 5608.039 2396.338 1524.754 7601.681 12660.441 960.128 ?I 
9. 11434.812 10810.557 8270.764 5783.240 5322.721 5122.341 5275.115 6171.735 10437.333 20646.108;! 

---•....... -... ---_ ... _------------------------------------------._------------------------------------_.-- ...... -_.... ~ 
1 •• 164252.684 128555.793 145017.489 180505.985 112084.027 75072.373 51156.065 38485.694 30199.852 26881.279;! 

• 1973 1". 1m 1976 1977 1978 1979 1980 1981 1982 .:~ _._._ •• __________________________ • ____________ • ____ • _____________________________________________________ • __ •••• a_ •• •••• 0 

1 • 0.000 0.. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ~. 
2. 1592.275 3140.322 2247.031 1505.476 33185.563 1920.717 272.517 15839.233 2620.401 991.897 9" 
3. 271.492 4210.025 7614.008 6051.581 5104.715 55696.047 5907.066 4091.463 23431.982 3293.346 1481. 
4. 1786.875 357.195 4449.353 6752.231 7073.314 5651.176 44201.814 7222.892 3831.046 17107.740 3882. 
5. 188.577 1245.017 340.451 36115.121 5530.140 6750.871 5326.650 30266.187 6150.348 3087.298 12635. 
6. 182.658 115.533 1036.341 314.466 2918.722 4317.334 5246.489 3759.120 17969.750 144237328·.9434~ lrJ: 
7. 2302.710 125.889 112.580 860.3n 349.790 1839.178 2721.389 3412.387 2236.745 81" 
8. 169.872 1951.953 104.635 86.849 722.440 284.722 1225.789 1480.556 1757.446 1290.624 ,.. •• 
9. 5760.520 10632.787 2450.111 2764.677 2656.013 1789.645 794.852 819.519 1207.324 1418.262 992>1 .................................................................................................................. ". "'0 a 
1+. 12254.979 21779.420 18354.510 22020.m 57540.696 78249.689 65696.565 66891.357 59205.042 43991.450 3260 '$1 

,Ii >1 

J
II 
,I 
~ 



1984 1985 1986 1987 1988 1989 1m 
-----------_ ....... --------------_._--------- ... _-----.-.-----------------
390.394 73.540 1167.854 68.313 1223.934 31.006 646.066 
531.958 5378.067 501. 719 4954.639 370.4n 6124.976 135.819 

1005.319 1n1.693 8592.185 997.802 6791. 793 641.924 10444.564 
3116.847 1295.794 1409.183 6655.063 939.707 5nO.042 562.192 
2824.794 2168.124 1107.642 1115.155 4117.957 709.864 4340.589 
7859.834 2054.510 1338.m 756.059 765.913 2285.807 436.454 
1359.567 4578.811 1423.379 826.624 493.837 462.425 1459.498 
2199.102 m.224 2959.695 954.048 508.904 333.467 299.035 
4950.251 1nO.601 769.997 1546. nl 1018.291 625.341 413.107 
----------------------------------------------------_.--------------------

24238.065 19768.364 19270.426 17874.424 16230.813 16984.851 

above SSBs by age (a, and year (y) are calculated following the 
used in the NEFSC prOjection program, i.e. 

SSaCa,Y): Wea,y) x PCa,y) x Nea,y) x exp(-l(a.y») 

Z(a,Y) = 0.25 x "(s,Y) + 0.25 x F(a,Y) 
Nea,y) - Jan 1 stock size estimates (males & femaLes) 
p(a,Y) - proportion mature (generally females) 
Wea,y) - weight at age at the beginning of the spawning season 

18737.323 

WCa,Y) are ass~ to be the same as the Jan1 weight at age estimates 
"WT AT AGEl! table in input section). 
weights at age are calculated as geometric means in ADAPT 
the mid-year weight at age estimates (from the catch) 

cohort in successive years. 

MEAN STOCK NUMBERS (millions) • GBHAD 

1963 1964 1965 1966 1967 1968 1969 1970 1971 19n .................................................................................. __ ... _ .. _ ................ _.0-
171423.m 422759.886 25090.474 3693.476 I I 168.808 378.321 894.352 4199.503 332.904 7635.764 
2m3.800 131243.360 276131.158 13113.816 2893.747 7109.627 301.006 651.678 2694.120 271.165 
25905.963 18323.892 n133.592 120842.704 6576.509 1933.589 3752.365 233.971 349.302 1441.792 
35837.719 15779.256 10323.856 35925.590 51299.542 3220.512 1067.867 2116.738 164.674 158.602 
22086.739 20317.421 8682.134 4902.807 16444.474 26108.374 1562.006 602.531 1356.989 102.209 
n01.704 l1m.988 9564.273 4005.334 2310.287 7702.951 12661.641 912.n6 281.289 933.393 
4352.248 3907.130 5330.437 4076.759 1769.193 1064. rn 4120.886 6853.673 508.686 97.867 
2163.490 2465.469 1807.766 2276.337 1961.491 825.902 500.433 2367.414 3929.485 273.418 
3265.029 3167.088 2230.814 1539.4n 1478.957 1518.586 1256.178 1462.319 2462.m 5091.267 
............... _ ..•...•... __ .- ... _-_ ....... _---------- .. _ .. _-- .. ---_ .. __ .. _-_._- .. _ .. _-_ ........ -....... -..... 

299470.469 629737.491 416294.502 190376.296 95903.009 49862.592 26116.734 19400.602 12080.221 16005.476 

1973 1974 1975 1976 19n 1978 1979 1980 1981 1982 

16312.735 9513.482 6825.821 93306.248 12420.367 5453.926 75769.925 9069.955 6445.075 2195.429 
5110.365 10051.0n n56.552 5274.975 66]64,521 9795.127 4452.2n 45240.945 6539.610 4688.037 
219.709 3032.746 5571.618 5242.040 4030.015 39018,166 6828.941 3463.296 19521.295 3797.962 
796.828 In.644 2027.027 3369.397 3n3.104 3070.656 22549.065 4399.542 2262.906 9822.655 
69.314 466.933 142.651 1398,088 2141.830 2483.250 2121.811 12401.294 2m.039 1322.588 
54.909 36.103 332.574 115.105 870.282 1275.974 1594,414 1211.608 6460.295 1561.696 

676.397 32,394 26.732 243.539 92.289 500.801 675.173 844,917 584.322 3699.718 
43.657 495.628 23.690 18.222 170.165 66.853 304.759 349.rn 402.995 296.557 

1291.3n 2320.491 518.845 507.504 481.661 318.289 145.022 183.496 237.794 305.405 
.. -.... -_ .... _---.-- .. _-------------------_ ........ _ .. _._-- .. ----_._----_ ... __ ._----.-_ .... _ .. -...... -..... -. 

24575.291 26126 •• 22725.509 109475.118 90294.233 61983.042 114441,382 n164.781 451n.331 27690.047 

1983 I. 1985 1986 1987 1988 1989 1990 ._----_ .. _---_._---------------------_._----_ ... _--_.---_._--------_._----_._---._--
2582.460 15018.104 1378.318 12915.079 878.920 15544.921 290.037 4144.0n 
1691.166 2068.964 11087,135 1102.106 9570.683 694.097 12102.894 231.600 
2952,102 1145.540 1369,975 6633.315 815.463 5782.276 503.645 8667.215 
2112.911 1709.939 719.020 790.543 3478,373 546.756 3347.739 292.088 
5395.905 1250.245 869.469 435.283 495,491 ln2.842 318.496 1929.800 
785.520 2748,336 747.846 443.931 260.827 2n.174 864.918 152.439 
958.696 409.835 1406.016 443.575 249.034 155.761 145.821 476.516 

2166.068 568.781 205.339 805.652 247.972 134,831 91.281 79.845 
204.169 1145.784 396.952 180.425 313.043 221.180 145.708 84.976 
--_ .. _-_._-.--------------------------_ ....... -._-------- .. _---------------_.------

18848.999 26065.528 18180.070 23749.907 16309.807 25079.837 17810.539 16058.550 
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Appendix E. Brief status of Gulf of Maine haddock resources. 

Table E1. Landings (mt live weight) of haddock from the GUlf 
of Maine (Division 5Y). 

Year 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

USA 
7278 
6141 
7082 
4497 
4541 
5297 
5003 
4742 
5383 
4204 
4579 
4907 
3437 
2423 
1457 
1194 

909 
509 
622 

1180 
1865 
3296 
4538 
4622 
7270 
5987 
5694 
5593 
2792 
2234 
1589 

828 
414 
263 
433 

Canada 
29 
25 

285 
163 
383 
112 
107 

3 
70 

159 
1125 

589 
120 

59 
38 
85 
23 
49 

198 
79 
91 
26 

641 
257 
203 
513 

1278 
2003 
1245 

791 
225 

90 
o 
o 
o 

Other 
o 
o 
o 
o 
o 
o 
o 

44 
o 
o 
o 
o 
o 

231 
67 
27 

4 
o 
9 
4 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

Total 
7307 
6166 
7367 
4660 
4924 
5409 
5110 
4789 
5453 
4363 
5704 
5496 
3557 
2713 
1562 
1306 

936 
558 
829 

1263 
1956 
3322 
5179 
4879 
7473 
6500 
6972 
7596 
4037 
3025 
1814 

918 
414 
263 
433 

Note: Landings 1956-1979 from Clark et al (1982). Landings 
1980-1990 from NAPO and NEFSC data files 

;i!!--
'968 
,69 
'910 
'371 
'972 

',J3 
974 
975 
'976 
'977 
'978 
'979 
'980 
'981 
!l8Z 
!l83 
'984 
'985 
'986 
1981 
'988 
1989 
1990 

im 
1961 
'96~ 
191! 
197! 
\97: 
197: 
191, 
1911 
197 
197 
197 
191 

, 198 
196 
198 
19' 
191 
19' 
191 
191 
19: 
19. 
19 



0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Stratified mean catch per tow in number. for haddock in NEFC offshore spring research vessel bottom trawl surveys in the Gulf of 
Maine (Strata 28-28, 38-40), 1988-1990. 

Unadjusted for changes in gear usage 

Age group 

0.00 0.00 0.00 0.64 .00 0.13 4.10 4.10 
0.00 0.00 0.05 1.82 0.47 0.00 0.05 2.53 2.53 
0.00 0.00 0.00 0.10 0.41 0.06 0.04 0.61 0.61 
0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.43 0.12 0.59 0.59 
0.39 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.57 0.57 
0.09 0.53 0.00 0.04 0.00 0.00 0.00 0.00 0.23 0.89 0.89 
0.59 0.06 0.22 0.00 0.00 0.00 0.00 0.00 0.09 0.96 0.96 
0.03 1.31 0.10 0.25 0.00 0.Q1 0.00 0.00 0.16 1.86 1.86 
3.46 0.07 1.21 0.12 0.61 0.00 0.02 0.00 0.10 5.59 5.59 
0.60 2.39 0.02 0.90 0.27 0.39 0.00 0.00 0.00 4.57 4.57 
0.06 0.47 0.22 0.05 0.09 0.03 0.00 0.00 0.00 0.92 0.92 
0.25 0.00 1.10 0.78 0.06 0.11 0.04 0.00 0.00 2.34 2.34 
0.86 0.12 0.14 0.36 0.28 0.05 0.00 0.00 0.00 1.81 1.81 
0.88 0.98 0.50 0.00 0.18 0.22 0.00 0.00 0.18 2.94 2.94 
0.04 0.35 0.75 0.35 0.13 0.04 0.01 0.00 0.00 1.67 1.67 
1.00 0.06 0.86 0.21 0.21 0.00 0.08 0.00 0.06 2.48 2.48 
0.01 0.35 0.08 0.19 0.08 0.00 0.00 0.03 0.00 0.74 0.74 
0.01 0.31 1.09 0.06 0.17 0.06 0.05 0.02 0.00 1.77 1.77 
0.05 0.00 0.14 0.39 0.00 0.04 0.07 0.02 0.00 0.71 0.71 
0.04 0.03 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.10 0.10 
0.04 0.00 0.00 0.01 0.12 0.01 0.00 0.00 0.00 0.18 0.18 
0.00 0.04 0.04 0.00 0.01 0.01 0.01 0.00 0.00 0.11 0.11 
0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.03 

Adju.ted for chang •• in g •• r ueag. 

6.70 
0.00 0.02 0.21 2.97 0.77 0.00 0.08 4.13 4.13 
0.00 0.00 0.00 0.18 0.67 0.10 0.07 1.00 1.00 
0.00 0.00 0.00 0.03 0.03 0.70 0.20 0.96 0.96 

0.64 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.29 0.93 0.93 
0.15 0.87 0.00 0.07 0.00 0.00 0.00 0.00 0.38 1.45 1.45 
0.98 0.10 0.38 0.00 0.00 0.00 0.00 0.00 0.15 1.57 1.57 
0.05 2.14 0.18 0.41 0.00 0.02 0.00 0.00 0.28 3.04 3.04 
5.85 0.11 1.98 0.20 1.00 0.00 0.03 0.00 0.18 9.13 9.13 
0.98 3.90 0.03 1.47 0.44 0.84 0.00 0.00 0.00 7.48 7.46 
0.10 0.77 0.38 0.08 0.15 0.05 0.00 0.00 0.00 1.50 1.50 
0.35 0.00 1.53 1.08 0.08 0.15 0.08 0.00 0.00 3.25 3.25 
1.20 0.17 0.11 0.50 0.39 0.07 0.00 0.00 0.00 2.52 2.52 
1.22 1.38 0.70 0.00 0.25 0.31 0.00 0.00 0.25 4.09 4.09 
0.08 0.'" 1.04 0.41 0.18 0.08 0.01 0.00 0.00 2.32 2.32 
1.83 0.10 1.40 0.34 0.34 0.00 0.13 0.00 0.10 4.05 4.05 
0.02 0.17 0.13 0.31 0.13 0.00 0.00 0.05 0.00 1.21 1.21 
0.01 0.31 1.01 0.08 0.17 0.08 0.05 0.02 0.00 1.77 1.77 
0.01 0.00 0.14 0.31 0.00 0.04 0.07 0.02 0.00 0.71 0.71 
0.03 0.03 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.09 0.09 
0.04 0.00 0.00 0.Q1 0.12 0,01 0.00 0.00 0.00 0.18 0.18 
0.00 0.03 0.03 0.00 0.01 0.01 0.01 0.00 0.00 0.09 0.09 
0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.03 



p 

Table E3. Stratified mean catch per tow in number. for haddock in NEFC offshore autumn research vessel bottom trawl surveys in h 
Maine (Strata 26-28. 36-40), 1 ge3~1990. . t e GiJfL:, 

Unadjusted for changes in gear usage 
----.,> 

Age group 
Year 0 1 2 3 4 5 6 7 8 9+ Total .,. 
1963 23.89 8.18 1.14 2.02 4.66 3.31 1.12 0.88 0.70 0.78 46.68~ 
1964 0.02 3.34 1.52 0.48 0.82 1.62 0.96 0.32 0.22 0.21 951 "I 
1965 0.00 0.29 5.39 3.40 0.17 0.98 0.77 0.44 0.21 0.05 11 :70 ,14 
1966 0.00 0.01 0.38 4.88 1.60 0.17 0.42 0.28 0.05 0.02 7.81

' 1967 0.00 0.00 0.00 0.88 5.52 1.21 0.33 0.09 0.11 0.03 8.17 
. i 

1968 0.00 0.00 0.00 0.00 0.13 4.19 0.95 0.17 0.20 0.09 5.73 
I ~ 

1969 0.00 0.00 0.00 0.02 0.02 0.02 2.78 0.57 0.09 0.15 3.65 :\ 

1970 0.00 0.03 0.00 0.00 0.00 0.03 0.06 1.38 0.41 0.06 1.97 
1971 0.18 0.00 0.04 0.00 0.03 0.00 0.07 0.12 1.31 0.19 1.94 

ii, 1972 0.00 0.80 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.52 1.34 
1973 0.74 0.02 0.64 0.00 0.22 0.02 0.02 0.03 0.01 1.09 2.79 

I 1974 0.01 1.13 0.12 0.30 0.00 0.00 0.00 0.00 0.02 0.21 1.79 
1975 0.59 0.14 1.29 0.37 0.93 0.00 0.03 0.03 0.00 0.31 3.69 , 
1976 1.10 1.20 0.05 0.86 0.11 0.55 0.00 0.13 0.00 0.08 4.06 

", 
;1 

1977 0.03 2.74 2.85 0.10 0.85 0.13 0.21 0.00 0.00 0.07 6.78 q 
1978 0.13 0.01 1.65 3.78 0.38 0.93 0.78 0.12 0.01 0.19 7.9B 

:~ 1979 0.59 0.30 0.01 0.79 1.97 0.41 0.30 0.09 0.05 0.02 4.53 

;! I 
1980 3.24 0.42 0.28 0.00 0.24 0.88 0.55 0.11 0.08 0.08 5.B6 11 
1981 0.02 0.28 0.40 0.60 0.28 0.55 0.72 0.00 0.13 0.05 3.03 1m 
1982 0.25 0.03 0.42 0.51 0.34 0.02 0.03 0.15 0.00 0.00 1.75 ,4 
1983 0.00 0.37 0.04 0.41 0.35 0.26 0.11 0.05 0.12 0.04 1.75 :1 
1984 0.00 0.14 0.35 0.01 0.17 0.00 0.34 0.00 0.00 0.14 1.15 
1985 0.00 0.09 0.47 2.73 0.02 0.18 0.15 0.39 0.00 0.05 4.0B if 
1988 0.00 0.01 0.00 0.07 0.30 0.14 0.02 0.03 0.06 0.00 0.S3 ;~ 
1987 0.02 0.00 0.13 0.13 0.17 0.08 0.25 0.18 0.00 0.10 1.02 • I ! 
1988 0.00 0.00 0.00 0.04 0.02 0.08 0.00 0.04 0.14 0.00 0.32 :4 
1989 0.00 0.07 0.07 0.02 0.01 0.04 0.06 0.08 0.00 0.00 0.33 :1 
1990 0.01 0.03 0.00 0.09 0.00 0.00 0.00 0.02 0.02 0.00 0.17 d 

Adjusted for changes in gear usage 

Age group 
T2~ Yesr 0 ~ 3 4 5 8 7 8 9+ Totel 

I; i I 1963 30.01 13.38 1.88 3.30 7.81 5.41 1.83 1.44 1.14 1.27 67.23 )1 

1984 0.03 5.45 2.48 0.78 1.34 2.65 1.57 0.52 0.38 0.34 15.53 1;1 
, , 1965 0.00 0.47 8.80 5.55 0.28 1.80 1.26 0.72 0.34 0.08 19.11 Ht 
" \t~ 1988 0.00 0.02 0.82 7.97 2.81 0.28 0.69 0.48 0.08 0.03 12.75 
,I,! 1987 0.00 0.00 0.00 1.44 9.01 1.98 0.54 0.15 0.18 0.05 13.34 ll¥ 

i! 1968 0.00 0.00 0.00 0.00 0.21 8.84 1.55 0.28 0.33 0.15 9.36 14 
1969 0.00 0.00 0.00 0.03 0.03 0.03 4.54 0.93 0.15 0.24 5.96 !I, 
1970 0.00 0.05 0.00 0.00 0.00 0.05 0.10 2.25 0.87 0.10 3.22 1. 
1971 0.29 .0.00 0.07 0.00 0.05 0.00 0.11 0.20 2.14 0.31 3.16 ;4 

:f 
1972 0.00 1.31 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.85 2.19 

1973 1.21 0.03 1.05 0.00 0.3S 0.03 0.03 0.05 0.02 1.78 4.58 

1974 0.02 1.88 0.20 0.48 0.00 0.00 0.00 0.00 0.03 0.34 2.93 

1975 0.98 0.23 2.11 0.80 1.52 0.00 0.05 0.05 0.00 0.51 S.02 

1978 1.80 1.9& 0.01 1.40 0.18 0.90 0.00 0.21 0.00 0.10 6.83 

1977 0.04 3.81 3." 0.14 1.18 0.18 0.29 0.00 0.00 0.10 9,43 

1978 0.18 0.01 2.30 5.2e 0.53 1.29 1.08 0.17 0.01 0.2e 11.10 

1979 0.ge 0.48 0.02 1.29 3.22 0.87 0.48 0.15 0.08 0.03 7.39 

1980 4.51 0.58 0.3e 0.00 0.33 1.22 0.77 0.15 0.11 0.11 S.15 

1981 0.03 0.4S O.SS 0.98 0.4e 0.90 1.18 0.00 0.21 0.08 4.95 

1982 0.41 0.05 0.69 0.83 0.56 0.03 0.05 0.24 0.00 0.00 2.S8 

1983 0.00 0.80 0.07 0.S7 0.57 0.42 0.18 0.08 0.20 0.07 2.BB 

1984 0.00 0.23 0.57 0.02 0.28 0.00 o.se 0.00 0.00 0.23 1.88 

1985 0.00 0.09 0.47 2.73 0.02 0.1. 0.15 0.39 0.00 0.05 4.08 

1988 0.00 0.01 0.00 0.07 0.30 0.14 0.02 0.03 O.OS 0.00 0.83 
1.02 

1987 0.02 0.00 0.13 0.13 0.17 O.OS 0.25 O.le 0.00 0.10 
0.32 

1988 0.00 0.00 0.00 0.04 0.02 0.08 0.00 0.04 0.14 0.00 
0.28 

1989 0.00 o.oe o.oe 0.02 0.01 0.03 0.05 0.015 0.00 0.00 0.14 
1990 0.00 0.03 0.00 0.08 0.00 0.00 0.00 0.02 0.02 0.00 



Table £4. Estimate of Z for Gulf of Maine haddock based on NEFSC 
spring research vessel bottom trawl surveys. 

Year 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

Stratified mean 
catch per tow 

3+ 4+ 
6.70 6.70 
4.13 4.05 
1.00 1.00 
0.96 0.96 
0.29 0.29 
0.45 0.45 
0.51 0.15 
0.85 0.69 
3.37 1.39 
2.58 2.55 
0.64 0.28 
2.90 1.37 
1.15 0.96 
1.51 0.81 
1.78 0.74 
2.31 0.91 
0.62 0.49 
1.45 0.36 
0.66 0.52 
0.03 0.01 
0.14 0.14 
0.06 0.03 
0.00 0.00 

Z 
0.50 
1.42 
0.04 
1.20 

-0.44 
1.10 

-0.30 
-0.49 

0.28 
2.22 

-0.76 
1.11 
0.35 
0.71 
0.67 
1. 55 
0.54 
1.03 
4.19 

-1.54 
1.54 

3 year 
running average 

0.630 
0.813 
0.196 
0.073 

-0.763 
-0.971 
-0.037 

0.196 
0.245 
0.582 
0.190 
0.486 
0.409 
0.806 
0.726 
1.155 
0.975 
1.117 
1.528 
0.302 
1.897 



p 
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Table E5. Estimate of Z for Gulf of Maine haddock based On NEFSC 
autumn research vessel bottom trawl surveys. 

i ,i i,' Stratified mean 
i 

catcb :ger tow 3 year 
,Ii Year 3+ 4+ Z running av@rage 

1963 22.00 18.70 1.18 0.373 
i I 

1964 7.56 6.78 0.57 -0.006 
! I 1965 9.83 4.28 0.86 0.119 

1966 12.12 4.15 0.02 0.137 
1967 13.35 11.91 0.36 0.299 
1968 9.36 9.36 0.46 0.371 
1969 5.95 5.92 0.63 0.271 
1970 3.17 3.17 0.12 0.085 
1971 2.81 2.81 1.20 0.059 
1972 0.88 0.85 -0.95 -0.429 
1973 2.27 2.27 1.81 0.038 
1974 0.86 0.37 -0.91 -0.300 
1975 2.73 2.13 0.67 -0.406 
1976 2.79 1.39 0.47 0.067 
1977 1.89 1. 75 -0.57 0.196 
1978 8.60 3.34 0.62 0.445 
1979 5.93 4.64 0.79 0.451 

! ,I 1980 2.69 2.69 -0.05 0.265 
1981 3.81 2.83 1.47 0.593 
1982 1.71 0.88 0.12 0.239 
1983 2.19 1.52 0.72 0.770 
1984 1.09 1.07 0.32 0.813 
1985 3.52 0.79 1.86 1.099 
1986 0.62 0.55 -0.18 0.417 
1987 0.87 0.74 1.29 1.130 
1988 0.27 0.24 0.66 1.117 
1989 0.16 0.14 1.39 1.946 
1990 0.12 0.04 

, 1",1 , , 
;1, 



~ARQUARDT ALGORITHM 

I.DOOOOE·2 
4.25023E3 
4.25023E3 

3.60000E3 
1.00000E·5 
1.00000E·5 
1. oooooe· 5 

1.00000E·5 
2.3956912 
2.39569E2 

14924E3 
36766E·5 
.43397E·5 
9.68736E·5 

3.74253e3 
4.74324e·5 
2.34466E·5 
1.41155e·4 

2.00000e2 
1.00000e·5 
1.00000E·5 
1.00000E·5 

2.0364ge2 
9.69715e·5 
2.61462E·5 
1.98696E·4 

ITY OFFSET LESS THAN 0.001 

7.50000e3 
1.00000e·5 
1.00000e·5 
1.00000e·5 

7. 17562E3 
2.24487E·4 
8.39095E·5 
2.21263E·4 

. IVE CHANGE IN RESIDUAL SUM OF SQUARES LESS THAN 0.00001 

2.00000e2 
1.00000E·5 
1.00000e·5 
1.00000E·5 

1. 9570BE2 
2.72644E·4 
1.55963E·4 
5.mOBE·4 

STATISTICS ASSUMING LINEARITY IN THE NEIGHBORHOOD OF SOLUTION 

239.568786 
0.000449 
0.604972 

PAR. EST. STD. ERR. T·STATISTlC C.V. 
.... _--_ .. ------_ ... . .. _----_ ..... 
4. 14924E3 1.96942E3 2.10684E0 0.47 
3.74253E3 1. 25987E3 2.97057E0 0.34 
2.0364912 6.15400£1 3.30921EO 0.30 
7. 17562E3 2.01637E3 3. 55868E0 0.28 
1.957D8E2 6. 97078El 2.80755EO 0.36 
1.36551E3 4.55533E2 2.9976OE0 0.33 
9.70427El 3.70657El 2.61813EO 0.38 
3.53517E2 1.43731E2 2. 45957E0 0.41 
2.36766£·5 4.2396OE·6 5.58464£0 0.18 
4.74324E·5 7.804591·6 6.07750£0 0.16 
9.69715E·5 1.63315E·5 5. 93771EO 0.17 
2. 24487E·4 3.77818£·5 5.94166£0 0.17 
2.72644£·4 4.50047E·5 6.05814£0 0.17 
3.21904E·4 5.58433£·5 5. 76441EO 0.17 
8.16426E·4 1.35816E·4 6.01124£0 0.17 
1.11452E·3 1.937'9OE-4 5.751zoeO 0.17 
2.43397E-5 3.73017E-6 6.52510£0 0.15 
2.34466£-5 3_70471£-6 6.32876E0 0.16 
2.61462£-5 4.04408E-6 6.46531EO 0.15 
8. 39095E'5 1.27248£-5 6.59417E0 0.15 
1.55963£-4 2.37171E-5 6.57598£0 0.15 
2.32022E-4 3.60597E-5 6.4343910 0.16 
4.85118£·4 7.72774£-5 6. 27762EO 0.16 
6.30848E·4 1.05750£·4 5.9654910 0.17 
9.68736£-5 3.34482E-5 2.89623EO 0.35 
1.41155E-4 4.71633£-5 2.9929OE0 0.33 
1.98696£-4 6.54917E-5 3.03391EO 0.33 
2.21263£·4 7. 267D6E-5 3.04413£0 0.33 
5.m08E-4 1.91684E-4 3.01125EO 0.33 
1.15491E·3 3.86271E·4 2._0 0.33 
2.08240£·3 7.07585E·4 2. 94297E0 0.34 
2.72335E-3 9.29614£-4 2.92955EO 0.34 

1.30000E3 
1.00000E·5 
1.00000E·5 
1.00000E·5 

1.36551E3 
3.21904E·4 
2.32022E·4 
1.15491E·3 

1.00000E2 
1.00000E·5 
1.00000E·5 
1.00000E·5 

9.70427El 
8.16426E·4 
4.85118E·4 
2.08240E·3 

3.00000E2 
1.00000E·5 
1.00000E·5 
1.00000E·5 

3.53517E2 
1. 11452E·3 
6.30848E·4 
2.72335E·3 

1. 
I 

2. 
2 
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variance estimates via linearization assume that at the solution 
the norm of the residuals will be smell relative to the ' 
norm of the J'J matrix (where J is the Jacobian) 

PAR~ETER II residual. II norms of the Quotient 
cols of J'J 

--------- ---._---------- -------------- ----------
~ 1 1. 54780E1 1.42742E1 1.08434EO 
~ 2 2.03010E1 7.62425E·1 
~ 3 3.92178E2 3.94668E·2 
~ 4 9.51852EO 1.62609EO 
~ 5 1.34922E2 1. 14718E·1 
~ 6 2.52256£1 6. 13584E' 1 
~ 7 2.17780E2 7.10717E·2 
~ 8 5.28870E1 2.92662E·1 
qRV SPR 1 3.53236£10 4.38178E·10 
qRV SPR 2 1.01217E10 1.52919£,9 
qRV SPR 3 2.31638E9 6.68198E-9 
qRV SPR 4 4.32230E8 3.58096£-8 
qRV SPR 5 3.06344E8 5.05249E-8 
qRV SPR 6 2.00651E8 7.71388E-8 
qRV SPR 7 3.41641E7 4.53049£-7 
qRV SPR 8 1.67385E7 9.24695E-7 
qRV FAL 1 4.51241E10 3.43010E·10 
qRV FAL 2 4.50253E10 3.43763E-10 
qRV FAL 3 3.76557E10 4.11041E-10 
qRV FAL 4 3.79679E9 4.07660E-9 
qRV FAL 5 1.09900E9 1.40838E-8 
qRV FAL 6 4.78179E8 3.23687E-8 
qRV FAL 7 1.05177E8 1.47162E-7 
qRV FAL 8 5.47329£7 2.82792E-7 
qCA~AOA 1 6.33017E8 2.44512E-8 
qCANAOA 2 2.98149£8 5.19137E-8 
qCANAOA 3 1.50469£8 1.02865E-7 
qCANADA 4 1.21342E8 1.27557E-7 
qCANAOA 5 1.78304E7 8.68068E-7 
qCANAOA 6 4.45380E6 3.47524E-6 
qCANAOA 7 1. 36992E6 1. 12984E·5 
qCANAOA 8 8.00974E5 1.93240E-5 

Frobenius Nonn of J'J is 8. 2787D5684E 1 0 
Std Natural Norm of JIJ is 4.512413423E10 

CATCHABILITY ESTIMATES IN ORIGINAL UNITS 

ESTIMATE STD. ERR_ C_V. 
---------- ----------

qRV SPR 1 2.24975E-4 4.02847E-5 0.18 
qRV SPR 2 2.83749£-4 4.66884E-5 0.16 
qRV SPR 3 2.83774E-4 4.77918E-5 0.17 
qRV SPR 4 2.61119£-4 4.39472E-5 0.17 
qRV SPR 5 2. 78927E-4 4.60417E-5 0_17 
qRV SPR 6 2.16749£-4 3.76012E-5 0.17 
qRV SPR 7 2.84329£-4 4.72996E-5 0.17 
qRV SPR 8 3. 16843E-4 5.50916£-5 0.17 
qRV FAL 1 1.80245£-4 2.76234£-5 0.15 
qRV FAL 2 3.18911£-4 5.03907E-5 0.16 
qRV FAL 3 2.22856£-4 3.44696E-5 0.15 
qRV FAL 4 2.33859£-4 3.54645E-5 0.15 
qRV FAL 5 2.07893E-4 3.16140£-5 0.15 
qRV FAL 6 2.247D4E-4 3.49224£-5 0.16 
qRV FAL 7 2.60605£-4 4.15134£-5 0.16 
qRV FAL 8 2. 27392E·4 3.81179£-5 0.17 
qCANAOA 1 1.17540£'4 4.05838E-5 0.35 
qCANAOA 2 2.42316£-4 8.09636E-5 0.33 
qCANAOA 3 8.59029£-4 2.83142£,4 0.33 
qCANAOA 4 5.476Z5E-4 1.7986OE-4 0.33 
qCANAOA 5 7.10928E-4 2.36091E·4 0.33 
qCANADA 6 5.35108E-4 1.18972E·4 0.33 
qCANADA 7 7.01076£-4 2.38220£-4 0.34 
qCANADA 8 5.35593E-4 1.82824£-4 0.34 

i 
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ION BETWEEN PARAMETERS ESTIMATED 

0.015 0.03 0.03 0.01 0.01 ~.'I5-o.01-o.0' .0.01-0.01 ~)'Ol-o.00-o.00-o.13~).02-o.0' -0.01 -o.Ol-o.01-o.00-o.00-o.2e-o.03-o.02~l.02.o.0' -0.01-0.01 -o.OT 
0.07 0.015 0.1l" 0.03 0.02-0.12 -0.10 -0.02-0.01 -0.01 <1.01 -0.01 -0.01 -0.10 -0,10 -0.02 -0.01 -0.01 -0.01 .(1,01 -0.01 .o.2a ..0.'1 -0.03 -0.02 -0.02 <l.Ot -0.01 -0.01 

1.00 O.Ot o.oe 0.01 0.03 0.02-0.11 -0.02 -0.01 -0.02 -0.01 ..(I,Ot -0.01 -0.01 -O.O'~1.0' -0.01-0.01 -0.01 -0.01 -0.01 -0.01 -0.18 -0.1' -0.17 -0.03 -0.02 .0.02 -0.02 -0.02 
0.01 1.00 0.08 0.07 0.01 0.0. -0.01 -0.07 -0.01 -0.0' -0.02 <1.02 -0.01.0.01 -0.07 <1.07 -0.07 -0.08 -0.02 -0.01 -0.01 -0.01 -0.16 -0.14 -0,16 -0.18 -0.03 -0.03 -0.02 -0.02 
0.08 0.08 1.00 0.08 0.01 0.01-0.03.0.08 -0.07 -0.07 -0.' 1 -0.03 -0.03 -0.02 .0.02 -0.02 -0.08 -0.07 -0.10 -0.02 -0.03 -0.03 -0.' 1 -0.11 -0.11 .(1,13 -0.21 -0.04 -0.06 -0.06 
0.06 0.07 0.08 1.00 O.Ot 0.08..0.06..0.06..0.08..0.08 ..0.0' ~.14 ..0.08 ..0.08 ..0.06 ..0.0 • ..0.06 ..0.07 ..0.01 ..0.12 -0.08 ..0.08 ..0.08 -0.07 -0.01 -0.12 ..0.1 II -0.23 -0.10 -0.1 3 
0.03 0.01S 0.06 0.01 1.00 0.12..0.02 -0.0. -0.0 • ..0.06 ..0.08 ..0.01 ..0.1 • ..0.0. -0.0 • ..0.0. -0.0 • ..0.06 -0.08 -0.08 -0.1 • ..0.06 ..0.02 -o.oa -0.07 -0.08 -0.11 -0.1 e -0.26 -0.10 

0.02 0.02 0.0. 0.06 0.0' 0.12 1.00..0.03..0.03..0.0 • ..0.06 ..0.07 -0.11 -0.16 -0.11 -0.03 -0.03 -0.04 -0.06 -0.07 -0.10 -0.1 • ..0.08 -0.02 -0.02 -0.06 -0.07 -0.10 -0.18 -0.26 <l.33 
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ON BET~EN PARAMETERS ESTIMATED (SYMBOLIC FORM) 

SPR 1 
SPR 2 
SPR 3 

4 
SPR 5 
SPR 6 
SPR 7 
SPR 8 
FAll 
FAl 2 
FAl 3 
FAl 4 
FAl 5 
FAl 6 

7 
8 
1 
2 
3 
4 
5 
6 
7 
8 

• 

• 

+ 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• • 

• 
• 

• 
• 

• 

lARGE NEGATIVE CORRELATIOII 
MalERATE NEGATIVE CORRELATlOII 
SMALL CORRELATIOII 
MalERATE POSITIVE CORRELATIOII 
lARGE POSITIVE CORRELATIOII 

• 
• 

• • • 

""""enover ""_r 
whenever 
""enover 

• 
• 

• • 
• • 

• 

.. 1 <- R < "L 
"L <- R < .. M 
.. M <- R <- +N 
+N< R<a+L 
+L 0( R <- +1 

R i. thl esti .. ted corrllltion, M il 0.2 and l il 0.5 

• 
• • 
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BIOREF was developed to estimate the biological reference 
points Fo.!' Fmax ' and Fm,y when VPA estimates of F at age are 
unavailable. Partial F at age coefficients are derived as a 
function of mesh selectivity ogives, minimum legal size, length 
at age data, discard mortality rate, and partial fishing 
mortality for two fleets. BIOREF utilizes a Thompson-Bell yield 
per recruit model to calculate YPR, SSBjR, and sustainable 
yields. This allows fishery managers to observe the effects of 
minimum mesh size, minimum legal size, and discard mortality 
assumptions on estimating biological reference points. The model 
also produces a table that list deaths at age by user group i.e., 
harvest by fleet, discard deaths by fleet, and natural deaths. 
BIOREF allows the user to independently reduce each fleet's 
effort and to examine the effects on YPR, %MSP, catch, and 
discard by fleets. 

Parameters needed to run the model include: proportion 
mature at age, mean weight of mature fish at age, mean weight of 
legal size fish at age, and natural mortality rate at age. Also 
needed are: proportion of legal size fish that are retained in 
the mesh, proportion of sub legal size fish·that are retained in 
the mesh, and a hooking mortality discard rate (proportion of 
fish discarded from the hook and line fishery that die). The 
proportion of legal size fish and sublegal size fish at age 
retained by a given mesh is calculated using a mesh selectivity 
ogive and length frequency at age. If sustainable yields are 
desired, then a spawner recruit function is needed. The model 
utilizes the Shepherd spawner recruit model for maximum 
flexibility. A flow chart for BIOREF is shown in F igurel. 

The partial fishing mortality for each fleet (Ffl t) is 
calculated using the ratio of the fleet I s catch (CneeJ

e 
to the 

~otal catC;:h (Ctotal): Flle.,= Ftota! CIl •• t jCtotal' The catches do not 
~nclude d~scards. 

Partial F at age coefficients are estimated as follows. The 
population length frequency is decomposed into a length frequency 
for each age using an age length key. Each length distribution 
at age can be further divided into a length frequency for legal 
size and a length frequency of sublegal size fish. The model . 
assumes that all legal size fish are potentially harvested (no 
discarding) and sublegal fish are potentially discarded but not 
harvested. For each age, the length frequency can be partitioned 
into 4 exclusive groups via a mesh selection ogive: legal size 
fish retained at a given mesh size and potentially harvested by 
both fleets (Pi)' legal size fish not retained in the net and 
potentially harvested by the hook and line fleet (P2), sublegal 
size fish retained at a given mesh and potentially discarded by 
both fleets (P3 ), and sublegal fish size not retained by the net 
and potentially discarded by the hook and line fleet only (P4). 
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The partial F at age coefficient (a) can then be calculated as 
follows: 

a= 
F 

where d= discard mortality rate 
h= hooking discard mortality rate 
F= Fully recruited F 
Ft= F for the trawler fleet 
Fr= F for the hook and line fleet 
P1=proportion of fish that are legal and retained in the 
mesh. 
P2=proportion of fish that are legal and escape the net 
P3=proportion of fish that are sublegal and retained in the 

mesh 
P4=proportion of fish that are sublegal and escape the net. 

The model's most important assumption is that equilibrium 
conditions exist: recruitment, growth rates, and maturation 
schedule are all constant. Spawning occurs at the beginning of 
the year before any fishing and natural mortality occurs. The 
model also assumes that effort for each fleet (fn t) is constant 
for all ages. Catchability is constant at all ag~s for the hook 
and line fleet, and varies as a function of length at age and 
mesh selectivity for the trawler fleet. 

Using BIOREF: 

BIOREF is written in GWBASIC and runs interactively. GWBASIC 
only recognizes commands written in upper case. To run BIOREF, 
type GWBASIC at the A:> prompt, then hit F3 and type BIOREF. Hit 
F2 to run the Program. The data file containing parameters by 
age is created in BIOREF on an age by age basis. The data file 
is stored for future use or editing. 

A BIOREF run using data for the Cape Cod/Massachusetts Bay 
winter flounder fishery is shown in Appendix 1. An effective 
mesh size of 4~" is assumed, and landings are distributed as 
follows: 48% hook and line fleet and 52% otter trawl fleet. 
Length frequency, age-length key, maturity at age, and length
weight keys are region specific and were derived from data from 
the MDMF spring trawl surveys. Natural mortality was assumed to 
be 0.28 at all ages, with a maximum fishable age of 13. A 
hooking discard mortality rate of 0.15 was assumed for ages 2 and 
older. The discard mortality rate in the model's output and 
Table 1 refers to discarding mortality rate from the otter trawl 
fishery independent of hooking mortality. 

For comparative purposes, a YPR analysis that assumes all 
fish ~ minimum legal size are fully recruited and fish less than 
minimum legal size are not recruited to the fishery was used. 

3 



pi 

! ! 

I,'! 

ii, 
, 

I!;;:, 

, ! 
','I 

i'/ ;' 

I.! 
,! 

Partial recruitment at age was assumed to be proportional to the 
number of legal size fish at age. The partial recruitment 
coefficients are 1.0 for ages 5 and older, 0.62 for age 4, 0.04 
for age 3, and 0.0 for all younger ages. In this "reference 
standard" analysis, F01= 0.39, FMSy=2.04, and FMAXwas undefined 
for values of F up to '2.0. All reference points and yield curVes 
derived using BIOREF were lower than those derived from the 
reference standard analysis (Table 1 and Figure 2) The reference 
points for the BIOREF run with no otter trawl discard mortality 
are lower than the standard run because of the 15% hooking 
discard mortality from the hook and line fishery. Reference 
points for a BIOREF run with absolutely no discard mortality 
would be higher than those of reference standard because some 
legal size fish are not fully recruited to the fishery as a 
result of the 4~" mesh. 

TabLe 1. Comparison of biological reference points 
from standard reference model and BIOREF model. 

discard 
mortal ity 

X FO,l Fmax Fmsy 

Reference standard 0 0.39 >2.0 2.04 

• BIOREF 0 0.35 0.70 0.90 
25 0.32 0.60 0.72 
50 0.30 0.51 0.66 
75 0.29 0.50 0.60 

100 0.27 0.45 0.56 

• includes 15% hooking discard mortaLity 

BIOREF's reference points are sensitive to assumptions about 
discard mortality. Although accuracy of the model's reference 
points are unknown, these results suggest that ignoring discard 
mortality in a YPR analysis could lead to significant error in 
estimating biological reference points. When reference points 
are needed, but data are insufficient for determining partial 
recruitment vectors, rejecting the hypothesis of no discard 
mortality may be acceptable. This is particularly true when 
ancillary information, such as sea sampling data, suggests that 
significant discard mortality probably occurs in the fishery. 
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Figure 2. "Standard" Thompson Bell and BIOREF Comparisons 

Yield per recruit 
standard Thompson Bell 

0.20 ~··"C'""" ""'.----------~I 

::1 (---
i 

0" I 
o,ooL~~-~---~_~~~_..J 

0,0 0.2 0.4 0.6 0.8 to 1.2 1.4 1.6 1.8 2.0 

'.0 

0.' 

0.' 

0.' 

F 

SSB per recruit 
standard Thompson Belt 

o.oL~~~~-~~~~_c.....J 
0.0 0.2 0.4 0.6 0'" \0 1.2 \4 1.6 U iLO 

F 

Relative YIeld 
standard Thompaon Bell 

''''~''!'''''!.'''''!'·)L-----~---, 

•• 

•• 

o.L~~~~~~-~~"__ 
0.0 0.2 0.4 0.. o.t 1.0 U 1A 1.1 U 2.0 

F 

5 

0.1& 

Yield per recruit 
usin~ BIOREF 

WI""'" 
~~ 

0.10 ~ 

oj 
C)iscarC 

o.oo, ___ ~~_~~~_~~~ _ _.J 

0.0 0.2 0.4 0.6 o,a to 1.2 1.4 1,6 1.6 2.0 

F 

SSB per recruit 
u-slng BIOREF 

- 0-

-+- 7"~ 

DISCi'!'d -- .o~ 

--G- " .. 

o.oL~~~-~~~~~-~ 
0.0 0.2 0.4 0.6 o.e 1.0 l2 U 1.0 t.6 2.0 

F 

Relative YIeld 
using BIOREF 

.o,~,,",·c'!··<-------------~ 
-,", --+- .... --¥--.o .. --G-IS .. --"'-100" 

Discard 

0.0 0-1 0.4 0.' 0.1 \0 t.2 t.4 1.8 tI iLO 

F 

---~ 



p 

;': i 

, i" 
, 

. ! 

I': 

! i 

i' 
! I 

ii 

I" i I 

!ii 

I, : 

i','i 
! I, 

Appendix 1. Example of BIOREF run using data from Cape Cod/Hassachusetts winter 
flounder fishery. 

BIOREF 
VERSION 1.2 11115/91 

THIS PROGRAM DOES A YIELD PER RECRUIT AND SPA~NING STOCK 
BIOMASS ANALYSIS BASED ON A MODIFIED THOMPSON· BELL YIR MODEL. 
THIS MODEL PARTITIONS THE FISHERY INTO COMMERCIAL (OTTER TRAWL) 
AND RECREATIONAL (HOOK AND LINE) COMPONENTS AND THEN INCORPORATES 
HOOKING AND DISCARD MORTALITY INTO A THOMPSON-BELL ANALYSIS 

THE FOLLOWING PARAMETERS ARE NEEDED TO RUN THIS MODEL: 

PROPORTION OF LEGAL SIZE FISH AT AGE, (?L). 
PROPORTION MATURE AT AGE, (PM). 
PROPORTION OF LEGALS AT AGE RETAINED tN MESH SIZE X, (PLR) 
PROPORTION OF SUBLEGALS AT AGE RETAINED IN MESH SIZE X, (PSR) 
HOOKING MORTALITY RATE AT AGE, EXPRESSED AS ro, (HM) 
NATURAL MORTALITY RATE AT AGE, EXPRESSED AS M, (M) 
MEAN WEIGHT OF LEGAL SIZE FISH AT AGE, (MLW) 
MEAN WEIGHT OF SPAWNERS AT AGE, (MSW) 
MAXIMUM AGE THAT THE FISH ATTAIN, ALL FISH DIE OF SENESCENCE 
BEYOND THAT AGE. 
SHEPHERD SPAWNER-RECRUITMENT FUNCTION PARAMETERS A,K, AND B 

PRESS ANY KEY TO CONTINUE? 
lUST 2RUN 3LOAD" 4SAVE" SCONT 6,"LPTl ?TRON STROFF 9KEY 

PRESS ANY KEY TO CONTINUE? 

THE PROGRAM CALCULATES YPR, SSB/R AND RELATIVE YIELD VALUES 
FOR DISCARD MORTALITY RATES OF 0, 25, 50, 75, AND lDO~ AND 
F FROM 0 TO 2.0 IN 0.1 INCREMENTS. THE PROGRAM ALSO CALCULATES 
FO.l, FMAX, AND FMSY AND roMSP. 

A WORD OF CAUTION ** ... lOCALIZED MINIMA AND MAXIMA MAY 
EXIST IN THE YPR, SSB/R, AND RELATIVE YIELD CURVES. 
THE PROGRAM CALCULATES FO.l, FMAX, AND FMSY BY SEARCHING FOR THE 
CHANGES IN SLOPE. THIS MAY CAUSE AN UNDERESTIMATION OF THE 
BIOLOGICAL REFERENCE POINTS_ PLOT THE YPR, SSB/R AND RELATIVE 
YIELD CURVES AND CHECK THE LOCATION OF THESE POINTS 

MAXIMUM AGE ATTAINED? 13 
YOU CAN EITHER CREATE A NEW DATA FILE OR RECALL A DATAFILE 
PREVIOUSLY CREATED USING THIS PROGRAM. FILES WILL BE STORED 

OSCREEN 

ON THE A DRIVE. NEW FILES WILL OVERWRITE OLD FILES WITH THE SAME NAME_ 

TNPIIT NAMF OF l'lATA FILE TO BE CREATFO. OR REr:AllFo., N"4~ 
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DO YOU WISH TO CREATE A DATAFILE, YIN? N 
DO YOU ~ISH TO EDIT THE OATAFILE, YIN? N 

CURRENT DATA FILE 

AGE PL PM PLR PSR HM M MLW MSW 

1 0.000 0.000 0.000 0.002 .00 .28 0.00 0.00 

2 0.000 0.000 0.000 0.100 .15 .28 0.00 0.15 

J 0.059 0.161 0.973 0.633 .15 .28 0.40 0.33 

4 0.792 0.803 0.984 0.911 .15 .28 0.46 0.45 

I 1.000 0.984 0.998 1.000 .15 .28 0.61 0.61 

6 1.000 0.987 1.000 

7 1.000 1.000 1.000 

8 1. 000 

9 1. 000 

10 1.000 

11 1.000 

12 1.000 

lJ 1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 
1.000 

1.000 

1.000 

.15 

.15 

.15 

.15 

.15 

.15 

.15 

.15 

.28 

.28 

.28 

.28 

.28 

.28 

.28 

.28 

DO YOU ~ISH TO RE·eDIT THE OATAFILE? N 
SPECIES NAME? WINTER FLOUNDER 
STOCK UNIT? CAPE COO IMASS SAY REGION 
LEGAL SIZE? 12" 
MESH SIZE? 4.5" DIAMOND 

0.86 

0.96 

1.04 

1.09 

1.13 

1. 16 

1. 18 

1.19 

0.86 

0.96 

1.04 

1.09 

1.13 

1.16 

1.18 

1.19 

PROPORTION OF CATCH DUE TO RECREATIONAL FISHING=? .48 
INPUT SHEPHERD RECRUITMENT FUNCTION PARAMETERS 

SSB=K «A'SSB/R) -l)'I/B 

12.17 

7.99 

1.8 

DO YOU UANT TO RUN A YPR, SSB/R ANALYSIS? Y 

PROGRAM IS RUNNING, APPROXIMATE RUNNING TIME = 1 MINUTE 

0.000 

0.079 

.2S 
0.000 

0.07S 

'fIELD PER RECRUIT 
.50 .75 

0.000 0.000 

0.077 0.076 

0.000 

0.07'5 

0.117 0.115 0.112 0.110 0.101 
0.137 O.ln 0.128 0.124 0.120 
0.147 0.141 0.135 0.129 0.124 

0.152 0.144 0.136 0.130 0.123 

0.154 0.144 0.136 C.lza 0.120 

0.155 0.143 0.133 0.124 0.117 
0.154 0.142 0.130 0.121 0.11Z 

0.154 0.139 0.127 0.,,7 0.101 

0.152 0.137 0.124 0.113 0.104 
0.151 0.134 0.120 0.109 0.099 

0.149 0.131 0.117 0.105 0.095 
0.1470.1280.113 0.\010.092 

0.146 0.126 0.110 0.098 0.088 

0.144 0.123 0.107 0.094 O.OSS 

0.1" 0.120 0.104 0.091 0.082 

0.140 0.117 0.1010.088 0.019 

0.138 0.115 0.098 0.085 0.076 

0.136 
0.135 

0.112 

0.110 
HIT ~ETURN TO CONTINUe 

0.095 
0.092 

0.082 

0.080 

0.073 

0.07' 

7 

SPAWING STOCX BtQIIASS PER ~ECRUIT 

a .25 .SO .7"S 
o.a 
0.1 

a., 

1.289 
0.959 
0.752: 

1.289 
0.949 

0.736 

1.289 
0.939 

a.no 
0.3 0.615 0.595 0.577 

0.4 0.520 0.498 0.4r! 

O.S 0.1051 0.428 0.407 
0.6 0.400 0.376 0.354 

0.7 '0.361 0.335 0.313 

0.8 0.330 0.303 0.251 

0.9 0.305 0.278 0.255 

1.0 0.284 0.256 0.233 

1.1 0.267 0.239 0.2:15 

1.2 0.252 o.m 0.200 
1.3 0.239 0.210 0.187 

1 J. 0.229 0.199 0.176 

1.5 0.219 0.189 0.166 

1.6 0.211 0.180 0.158 

1.7 0.203 0.172 0.150 
1.8 0.196 0.165 0.143 

1.9 0.190 0.159 0.136 

'.0 0.185 0.153 0.131 

HIT ~ETURN TO CONTINUe 

1.289 

0.929 
0.705 
0.559 
0.459 
0.387 

0.334 

0.293 

0.261 
0.Z35 
0.214 

0.196 

0.182 

0.169 

0.158 
0.149 

0.140 

0.133 
0.1%6 

0.1%0 
0.115 

1.ZS9 
0.919 

0.691 
0.542 
0.441 

0.369 

0.316 

0.275 

0.244 

0.215 

0.195 

0.181 

0.166 
0.154 

0.144 

0.135 
0.127 

0.120 
0.114 

0.108 

0.103 
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q,J 33.0 37.1 35.6 
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31.J 
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lCO .0 

71.3 
5'3.6 
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?R.CGi<A,"l 1$ C,1.lCUlATING BIOLOGICAL REFEKE~CE ponns 
APPROXIMATE ~UNN1NG TIME is 2 MINUTES 

0.0 

a. I 
0.' 

0.3 

0,10 

0.' 
0.; 

o.r 
0.' 
0.9 

1.0 

1.\ 

l.2 

U 

o ,co 
2.96 

'-.51 

5.98 

6.11 
7.21 

7 .~o 

7,67 

7.-:1. 

7.7r.. 
7.!;/~ 

i..~1 

7. ~9 

7.35 

7.2':1 
7.a:3 

o.M 
0.66 

6.1,.7 

6.27 
6.u7 

H!T _'l:e:ruRN TO CC)lTUIUe: 

H.l • ..I.TlVE TlEl.O 

.25 .50 

a.co a.co 
2.9'- 2.n 
~. T3 ~.o.:. 

S . .,. 5.~~ 

6. S 1 :'.:0 

6.'>0 6.62 

7.~O 6./3 

7.\7 6.71 

7. ;!. 6.59 

7.Cr.. 6.4Q 

6 • .33 6. : I,. 

6.,:,a 5 . .35 

6. ~s 5.52 

6.2.1) 5. \6 

S.n !..77 
s . .!iZ ~. 3S 

5.31 3.90 
en 3.~2 

1,.,65 2.90 

:.9 2 ,~~ 
:2 1,53 

PROGRAM IS CALCUlATWG ~O.1 
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?ROGRA,"1 lS CALCULATHIG FHAX 

"" ..... " ......... ,. ..... 
?RIJGRAM lS O,LCULAT!NG FHS'f 

S?€c:ss IS ~INTER FLOUNOER 

srOCK UNIT IS CAPE ceo /MASS BAY REelON 

L::G,l.L 51!:' IS 12" 

~€SH st!:' IS 4.5 11 DIAMONO 
7. OF CATCH DUE TO RECREAT10NA~ FISHING .48 
;: OF CATCH DUE TO COMMERC1A~ FISHING .52 
SHEPHE,D PARAMETERS ARE K= 12.57 

01 SC).RO 

~\OR T AL I T'f 

0.00 

0.25 
0.50 

D.75 

1.00 

FO.1 

0.35 
0.32 
0.30 

0.29 
0.27 

(~"'SP) 

(43.71 
(44.41 

(44.7) 

(44.3) 
(45.0) 

FMAX 

0.70 
0.60 
0.51 

0.50 

0.45 

A= 7.99 

(27.7) 
(23.8) 
(30.6) 

(29.5) 
(30.7) 

FMSY 

0.90 

0.72 
0.66 
0.60 
0.56 

B= 1.8 

(:::-ISP) 

(23.4) 
(25.2) 
(25.1) 
(25.5) 
(25.6) 

.:-S 

o .co 
2.90 
~ • .:.c 
i .S7 

6. t 1 

6.31. 

6.3l 

6.:9 

6.G9 

i .31 

S .~3 

i .C9 

~ .~7 

~ .21 
j.70 

3. ~ ~ 

2.5 t 

t.:-s 
a ,5'i 

a .:0 
o. :0 
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iNT( 
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!-\AR 

DO 

o t Si 

C'JR 

lfiP 

INP 

sPE 
SIC 

,. 
% 



ANY KEY TO CONTINUE 

** DEATH AT AGE TABLE*************** 

PROGRAM PRODUCES A TABLE OF DEATHS AT AGE PARTITIONED 

iNTO F!SHING ~ORTALIn BY USER GROUP, INCLUOING ceMMERCIAL 
SCARD, RECREATIONAL DISCARD, RECREATION AND COMMERCIAL 

~ANT TO PRODUCE THIS TABLE? Y 

DI"C"W ,"I0RTALITY IS (VALUES RANGES FROM O~1)? .5 

. T F IS? 1 

PERCENT REDUCTION IN RECREATIONAL EFFCRT? 0 

PE~CENT REDUCTION IN COMMERCIAL EFFORT? 0 
2RUN 3LOADII 4SAVEII SCONT 6,IILPT1 7TRON STROFF 9KEY 

SPECIES IS ~INTER FLOUNDER 
IS CAPE COO /MASS BAY REGION 

is 12" 

MESH SIZE IS 4.5 11 DIAMOND 
OF EFFORT DUE TO RECREATIONAL FISHING .48 
OF EFFORT DUE TO COMMERCIAL FISHING .52 

SHEPHERD PARAMETERS ARE K= 12.57 

F BEFORE EFFORT REDUCTION 'WAS 
'EDUCTION IN RECREATION EFFORT IS a Yo 

EFFORT IS a % 

SCARD MORTALITY IS 

'fiELD PER RECRUIT IS 0.124 

SSBI' IS 0.233 
~ .. "ISP 1 S 18.1 

A= 7.99 B= 1.8 

ACTUARIAL TABLE BASED ON 10000 RECRUITS AT AGE 1 

OSCREEN 

COMMERCIAL 

HARVEST 
REC 
HAR 

# HOOKING 
OEATHS 

# DISCARD 
DEATHS 

NATURAL # AL I VE 
DEATHS T>1 AT AGE 

a a a 40 24416 75544 0.00 
2 a a 4533 1466 17630 51914 0.10 
3 874 835 2754 6009 11195 30249 0.26 
4 6916 6511 343 1115 5130 10234 0.8a 
5 2994 2m a a 1617 2850 1.00 
6 836 n2 0 a 45a 793 1.00 
7 233 215 a a 125 220 1.00 
8 65 60 a a 35 61 1.00 
9 18 17 a a 10 17 1.00 

5 5 0 0 3 5 1.00 

1 0 a 1.00 

a 0 a a a a 0.00 
13 a a a 0 a a 0.00 

11942 11187 7630 8630 60612 
DO YOU WANT TO PRODUCE ANOTHER ACTUARY TABLE? N 

9 


