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Abstnct 

Pr10r to 1960, ncni nil catches of D1 vi s1 on 4X haddock 
fiuctulted between 10.000 Ind 20.000 t annually. During the mid to 
late 19605. heavy expl01tation resulted 1n catches 1n excess of 30,000 
t. Declining stock biomass prompted the introduction of TAC regulat10n
in 1970. Nominal catches subsequently increased from a recent low of 
13,000 t in 1973 to 31.000 t in 1981, but declined to 24,000 t in 1982. 
The catch for 1982 was dominated by the 1975 and 1979 year classes. It 
was similar to the catch percent age compos1t1on as projected by the 
1982 assessment. Canld1aR sumler groundffsh survey abundance estimates 
indicate that while the number of age 2 to 5 haddock has steadily
1 ncreased 51 nee 1976., that of ages 6+ relched a peak 1 n 1979-80 and has 
declined thereafter. Survey recruitment indices show that the 1979, 
1980, and possibly 1981 year classes are well above the long term 
average. The present assessment involved both the surv1vor method and 
cohort analys1 s 1n the detentlnatfon of the 1982 fhh1ng mortal1ties. 
The partial recruftment pattern was sinrtlar to that calculated 1n 1981 
whil e the fully recruited F. although chosen at 0.3, could be as hi gh 
as 0.42 which is suggested by the Survivor analysis. A new FO.I 
value of 0.25 was calculated using 16 rather than 12 age groups which 
previously has been the case. Usfng the derived partial recruitments 
and the 1982 weights-at-age, yield projections to 1984 were made. 
assuming FO.I catch in 1984. The est1mated 1984 yield was 32.000 t. 

H .... 

Les prises nom1na1.s d l etgl.fln de 1a dive 4X avant 1960 ont 
fluctui entre 10 000 et 20 000 t annuellement. Du milieu I la fin des 
annies 60. une exploitation intensive a donn' des prises de plus de 
30 000 t. Un dfcl1n de 1a biomassl du stock a nices5lt' 
l'1ntroduction dlune riglementlt10n par TPA en 1970. Les prises
nominales augmenterent par la suite, passant dlun creux de 13 000 t en 
1973 a 31 000 t en 1981, mais elles dAcl1nJrent de nouyeau I 24 000 t 
en 1982. Les classes d'ige de 1975 .t 1979 ont dominA les prises de 
1982. C'est 1. mime structure d·I~. qui Ivait ItI pr6d1te lors de 
"ivaluation de 1982. Les estimations d" bondancedfcoulant du r.'IY' 
15thll des poissons de fond ..n' par les Canadiens fnd1quent que s1 
1e nombre d' a1glefins d'iges 2 I 5 a augment. rlgul1lr..nt dapuis
1976, celui des Iges 6+ I atteint un sammet en 1979.80 et a d1m1nul 
par 1a suite. Les indices de recrutement d'couhnt du relev' 
1nd1quent que les classes dJlge de 1979. 1980 et. possiblemant. 1981 
sont bien au-dessus de 1. moyen"e I long terme. La prisente
ivaluation est fondle a la fo1s sur 1. mithode des survivants et 
llanalyse des cohortes pour ditarminer les mortalitis par piche an 
1982. Le recrutement partlel av.it les mimes caractirist1ques qu'in 
1981, alors que F de plein recrutement. b1en que fix' I 0.3, pouvait
itre aussl elevi que 0,42. ComMl 1. porte i cralre l'analys. des 
survivants. On a calculi un. nouvelle valeur de 0,25 i FO.1. 
utillsant 16, plut8t que 12 groupes, d'ige comma ce fut 1e CIS 
pricldemment. En se fondant sur les recrutement partiels dirivls It 
les poids I un ige donn' en 1982, on I fait des projections de 
rendement pour 1984, en sUPposlnt des prises au n1veau de FO.l 
en 1984. Le rendement a itA est1mf I 32 000 t en 1984. 
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Introducti on 

• 


Biological evaluations of the 4X haddock stock have been 
conducted since the mid-1960s. Prior to 1974, these involved 
examination of trends in commercial catch rates and/or survey abundance 
indices. Halliday (1974) conducted the first Cohort Analysis (Pope, 
1972) to be used in these assessments and this approach has been 
continued to the present. In addition, O'Boyle (1981a) employed 
Survivor Analysis (Doubleday, 1981a) in an attempt to make the choice 
of terminal fishing mortality a more objective process. The analyses 
conducted since 1981 have shown that in general the Cohort Analysis has 
led to lower estimated terminal fishing mortalities than those derived 
from the Survivor Analysis. 

The present evaluation again uses the Survivor and Cohort 
Analyses to determine terminal fishing mortality, with the Canadian 
summer bottom trawl survey data being the main source of stock trend 
information. The stock sizes for 1962 to 1982 are determined and yield 
prOjected, under FO.1 conditions, to 1984. 

Trends in Reported Landi ngs 

Annual Trends 

Prior to 1960, catches of haddock from Division 4X (Figure 1) 
fluctuated between 10-20,000 t annually. These landings were split 
equally between Canada and the USA. In 1963, the USSR entered the 
fishery for the first time and reported landings of 400 t. This 
increased to 10,065 t by 1966. As well the Canadian offshore fleet 
catch expanded rapidly. During the 1970s, foreign catch, including 
that of the US, declined leaving Canada almost the sole exploiter of 
the stock (Table 1). High exploitation rates in the late 1960s caused 
sharp declines in abundance and provoked the establishment of quotas 
and closed spawning areas in 1970 in an attempt to curb fishing 
effort. 

The stock showed signs of recovery in the mid-late 1970s. 
Since 1913, when 12,958 t were landed, the annual catch has steadily 
increased with over 30,000 t reported landed in 1981 (Table 1). 
Reports from the field indicate that the actual catch during the 
1977-80 period was higher than that reported. Low quotas caused 
substantial discarding, dumping, and misreporting by species and 
division. During this period the inshore fleet overran and the 
offshore fleet underran its allocation (Table 2) In 1982, landings 
(24,015 t) fell short of the TAC (32,000 t) by a substantial margin for 
the first time in 10 years. 
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Canadian Fishery by Gear Type, Tonnage Class, and Unit Area 

During the 1970s, the landings of the tonnage class 1-3 otter 
trawlers increased dramatically. Longliner catches have Also increased 
but not to the same extent (Table 3 and Figures 2 and 3). Landings by 
other gear and size categories have remained relatively stable. 

The largest change in the fishery has been from a 
predominantly tonnage class 4 and 5 vessel fishery in the 1960s - early 
1970s to a tonnage class 1-3 vessel fishery from the mid-1970s to the 
present (Figure 3). This has caused a change in both the seasonal 
exploitation pattern and the area of fishing. Regarding the season, 
O'Boyle et al., (1983) showed that the smaller, inshore otter trawlers 
restrict thelr activity to the February-November period whereas the 
larger offshore vessels have increasingly resticted their activity to 
the beginning and end months of the year. Regarding area, the inshore 
otter trawlers fish first on Browns Bank and then move into the Bay of 
Fundy during the summer months (Figure 4). The offshore vessels, on 
the other hand, have always restricted their fishing to Browns Bank and 
its environs. Thus with the change in fleet catch composition, the 
spatial and temporal distribution pattern of exploitation has changed. 

Age Composition of the Commercial Catch 

Sampling Intensity 

Since 1970, sampling coverage by gear type has been good 
(Table 3). However, prior to 1981 coverage within gear type by tonnage 
class has been strongly biased toward the larger vessels. This is 
particularly evident when one examines the mean weight landed per 
commercial sample (Table 4) for the six main fishing fleets. In 1981, 
a shift in sampling intensity towards the smaller vessels was 
undertaken to rectify this problem and as a consequence sampling 
coverage since 1981 has been much more equitable. The 1982 sampling 
coverage by gear type, season, and unit area was very good with only 
tonnage class 4-5 trawler catches being undersampled (Table 5). 

Examination of length-weight and length-at-age relationships by season 
and unit area 

An analysis was conducted on the combined 1970-81 research 
survey data and 1981-82 port sampling information to examine seasonal 
changes in condition factor. Multiple regression analysis was used to 
fit the model: 

(1) W= A • LB • TC 

or 



- 5 

(2) Lo9I0 W= Lo9I0 A + B Lo9I0 L + C Lo9I0 T 

where: 

Wis the weight in grams 

L is the length in centimetres 

T is the Julian date of the year 

A, B, and C are equation constants 


The model was fit for inshore (4Xq,r) and offshore areas (4Xm,n,o,p) 
separately due to lack of coverage of inshore vessel data offshore and 
offshore vessel data inshore. Using the partial F test, the C 
coefficient was found to be significant at the 5% level; however the 
increase in fit was only slight. Nevertheless it was felt warranted to 
include the C coefficient in determination of the length-weight 
relationship on a seasonal basis. Consequently the C term was 
calculated for the mid day of the quarter in question and the Lo9I0 
A term adjusted appropriately (Table 6). These eight length-weight 
relationships, four for inshore and four for offshore, were used when 
constructing the catch-at-age matrix. 

It was observed that, with regard to the survey data, haddock 
found in inshore areas are longer-at-age than those found offshore 
(Figures SA-D). This pattern was not clearly visible in the commercial 
data (Figures 5E-I), although there was a general tendency for age 2-6 
fish to be longer at age inshore than offshore. 

The reasons for these results needs to be further 
investigated. They could result from differential migration, 
exploitation or from the existence of different stocks. Work is 
presently underway to examine each of these effects. 

Construction of the Catch-at-age Matrix 

Construction of the catch-at-age prior to 1978 is discussed 
by O'Boyle (1981a). A key point is that no adjustment has been made 
for the USSR catches in the mid-1960s. The length frequency of the 
landings by this country was assumed to be the same as that for Canada. 
This is believed not to be the case, and efforts are presently underway 
to rectify the analysis. However, this should be kept in mind when 
analysing the present data set for recruitment studies. 

The 1978-79 catch-at-age was reconstructed as per O'Boyle 
(1981a). The 1980-81 catch-at-age was reconstructed using gear (otter 
trawler, longliner, and miscellaneous gear), area (mnopu and qr), and 
quarter for stratification (unit area "U" is "unit area unknown"). 

In 1982, tonnage class was added to the stratification scheme 
(Table 5) and seasonally adjusted length-weight relationships (Table 
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6) were used in converting sample numbers to catch numbers. For 
1978-82, only Canadian sampling was used as no foreign sampling data 
was available. No correction for discarding has been applied. 

The Catch-at-age Matrix 

The numbers landed-at-age for 1962-1982 are presented along 
with the weights-at-age ca.lculated for commercial landings in Tables 7 
and 8. Ages 4 to 7 haddock have over the years contributed the 
majority of numbers and biomass to the landings (Tables 9 and 10). In 
almost all years, catches of fish older than 12 years have represented 
a very small fraction of the total catch. 

A comparison of the 1982 projected catch-at-age from O'Boyle 
and White (1982) with the observed 1982 catch-at-age (Figure 6 and 
Table 11) shows that the actual catch age composition was well 
predicted. The only discrepancy is the lower than predicted catch of 
the 1979 year class. Also, the absolute numbers caught was lower than 
those predicted. 

Stock Abundance Trends 

Groundfish Bottom Trawl Surveys 

Canada and the US have conducted standardized groundfish 
surveys (Doubleday, 1981b) in NAFO Division 4X since 1970 and 1963 
respectively. Initially Canada only ran summer surveys, but in 1979 a 
fall survey was added and the following year a spring survey series was 
initiated. The US has conducted autumn surveys since 1963 and spring 
surveys since 1968. Summer surveys have also been conducted since 1963 
but the series is not complete. 

The Canadian surveys have habitually sampled all of 4X 
(strata 70-95 of Figure 7a). On the other hand, recent coverage by the 
US surveys has been restricted to Browns Bank (strata 31-34 of Figure 
7b). Consequently, although indicative of trends in abundance, the US 
data were felt not complete enough to use in tuning of the Sequential 
Population Analysis. The Canadian summer survey data, due to its 
completeness in sampling time and space, were used for this purpose. 

In 1982, the A.T. Cameron, the Canadian summer survey vessel 
was replaced by the Lady Hammond. Comparison studies of the fishing 
efficiency of both vessels have been underway since 1979 but the final 
results are still forthcoming. Nevertheless, preliminary results 
(Koeller and Smith, 1983) indicate that, for haddock, the Lady
Hammond's catch rates by numbers are 20% higher than those for the A.T 
Cameron. For this reason, the Lady Hammond figures in this analys;-s-
were divided by 1.2 to make the 1982 data comparable with the long time 
series available from the A.T. Cameron. 
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The longer US time series shows that stock size was high in 
1963-67, declined during 1967-76, and subsequently rose to an asymptote
in 1979-82. Present stock levels appear to be about 60% higher than 
those observed in the mid-1960s (Table 12). 

The Canadian summer survey time series (Table 13) exhibits 
the same rapid rise in stock abundance during 1976-80 as was observed 
in the US data set (Figure 8). Most of the recent increase in 
abundance has occurred in the inshore areas, particularly stratum 90, 
at the mouth of the Bay of Fundy {Table 14}. 

An examination of the changes in the age structure of the 
population shows that whereas the relative abundance of the partially
recruited age groups (age 2 to 5) has steadily increased since 1977 
(Figure 9), the abundance of the fully recruited age groups (age 6+) 
increased during 1976-79 and have fallen off since then (Figure 10). 

Recent recruitment fluctuations partially explain these 
trends. These were examined through the calculation of recruitment 
indices for the Canadian summer and U.S. fall surveys using the 
normalization method of Q'Boyle (1981b). For each survey, two indices 
were developed. Indices for the Canadian survey were developed using 
ages 1 + 2 and 2 + 3 of each cohort while the US recruitment indices 
used ages 0 + 1 and 1 + 2 of each cohort (Table IS). 

The US recruitment indices show exceptionally large 1962 and 
1963 year classes. The 1971 yeqr class is strong in this survey but 
only average in the Canadian survey (Figure 11). The year classes 
between 1972 and 1977 are not exceptional but above those seen during 
1964-70. The 1978 year class represents a recent low in recruitment 
but still larger in size than those seen in the 1964-70 period. The 
1979 year class is shown to be exceptionally strong in both surveys, as 
is the 1980 year class. Initial indications from the Canadian survey 
of the 1981 year class are that it is similar in size to the 1979 and 
1980 year classes. The US survey results do not agree with this and 
show this year class to be weaker than the 1978 year class. Thus it is 
too early to predict with any degree of confidence the size of this 
year class. 

It is interesting to examine seasonal trends in the strengths 
of these year classes to get some idea as when year class size is 
finally established. First, it is clear that the July survey only 
sporadically picks up the age 0 individuals (Table 16) and that the 
autumn survey is the first time that young of the year are caught in 
any number. It is uncertain, however whether or not year class size is 
fixed by this time. The 1980 year class was seen to be exceptionally
large in the autumn survey but had become substantially reduced by 
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March 1981 and further reduced by the following summer. It now appears
smaller than the 1979 or 1981 year classes in the second summer of 
life. From this it is apparent that the age 1 + 2 recruitment indices 
should be superior to the age a + 1 index in estimating year class 
size. 

Commercial Catch Rates 

Previous attempts to use the commercial catch rate data 
available for 4X haddock have not met with success (O'Boyle, 1981a; 
O'Boyle and White, 1982). There are a number of reasons for this. 
First, until recently, the full data set has not been conducive to 
large scale analysis. Second, misreporting, dumping, and discarding in 
the late 1970s has led to strong biases in the catch rate series. 
Finally, the fleets have undergone many changes, both in area, time of 
year fished and gear used over the time period of the available data 
set (1968-present). Without quantification of these changes, it is 
risky to consider the efficiency now in any way comparable to that 
observed in the early 1970s. 

Thus, for the purposes of tuning the SPA, it was felt not 
valuable at this time to use the commercial catch rate data. However 
it was felt of benefit to examine the series to both prepare for its 
future use and get an impression of what the fishermen see in stock 
biomass trends. 

O'Boyle and White (1982) developed two catch rate series 
one for the tonnage class 1-3 otter trawlers fishing in unit areas 
4Xq-r in August-September and the other for tonnage class 4-5 otter 
trawlers fishing in unit area 4Xn in January-March. Both series used 
tons per trip as indicative of abundance. 

These series were reworked in this analysis. The first set 
of changes was to express catch rates as tons per fishing hour and for 
the tonnage class 4-5 vessels include unit areas 4Xm-p and u in the 
calculations (Table 17). 

The second set of calculations used the Multiplicative Model 
of Gavaris (1980) in an attempt to adjust for seasonal, areal, and 
vessel type and size effects on the catch rates. Essentially the 
Multiplicative Model is a large Analysis of Covariance with season, 
unit area, and vessel type and tonnage class as covariates. 
Unfortunately the model assumes linearity between the dependent and 
each independant variable which with vessel tonnage class is probably
not the case. Nevertheless the analysis represents an important first 
step in the consideration of these confounding factors. 

The analysiS of the unit area 4Xq-r (inshore) data was 
conducted separately from the 4Xm-p, U (offshore)data. This was due to 



- 9 

the lack of tonnage class 4-5 vessel activity in the former area. 

The "inshore" analysis used 1968, tonnage class 2, 
January-March and stern otter trawler type as a standard. The fit of

2the model to the data was barely significant (r of 0.23). The most 
significant difference in catch rates was observed between side and 
stern otter trawlers. Season and year were significant while tonnage 
class was not. 

The "offshore" analysis used 1968, tonnage class 5, 
January-March and ste~n otter trawler type as a standard. Again the 
model fit was poor (r of 0.31) with vessel type and season 
explaining most of the variance. 

These two models were used to calculate two catch rate series 
- one for unit area 4Xqr using stern otter trawlers of tonnage class 3 
operating during July-September and the other for unit area 4Xm-p, u 
using stern otter trawlers of tonnage class 5 operating during July
September. 

The two series for each of the nonstandardized and 
standardized catch rates (Table 17) are illustrated in Figure 12. 
Standardization dramatically changes the view of the resource, 
particularly the trend in recent years. It also makes more comparable 
the catch rates series for the inshore and offshore area. According to 
the nonstandardized series, abundance inshore started to decline in 
1977; offshore, declines were abrupt in 1981. The standardized series 
show decreases in fishable biomass since 1978. Biomass in 1982 is 
comparable to that observed in the late 1960s. 

Sequential Population Analysis 

Survivor Analysis 

O'Boyle (1981a) used Survivor Analysis (Doubleday, 1981a) for 
the first time in the 4X haddock stock evaluation. The method has the 
advantage of statistically fitting the survey data to the population 
numbers derived from an SPA and is thus objective. Its main weaknesses 
are: 1) it assumes the data are normally distributed and 2) there is a 
linear trend between survey catch rate and stock biomass. The latter 
means that one cannot use those age groups which are not well sampled 
by the survey. O'Boyle (1981a) thus restricted his analysis to the age
3 to 8 individuals. As a consequence, the method cannot generate 0+ 
population numbers but does provide a terminal fully recruited fishing 
mortality (Ft) which can be used in a Cohort Analysis. 

Because the Survivor method is a relatively new procedure
which requires certain assumptions, the Sequential Population Analysis 
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procedure (O'Boyle, 1981b) has continued to be used. In the 1981 
evaluation, both approaches provide an Ft of approximately 0.3. In 
the 1982 evaluation (O'Boyle and White, 1982), the Survivor Analysis 
provided an Ft of about 0.46 while the Cohort Analysis provided an 
Ft of 0.4. The latter was chosen because it presented population 
trends more in line with those calculated by O'Boyle (1981a). 

The Survivor Analysis on the 1970...82 data set was carried out 
for ages 3 to 8. The calibration block was set for ages 3 to 7, years 
1970 to 1982, with the calibration constant, K, asymptotic after age 5. 
Natural mortality, M, was set at 0.2. Fishing mortalities for 1982 
were calculated by inputting the survivor estimates and catch 
statistics for 1982 into a Newton-Raphson iterative solution of the 
Baranov catch equation. Adjustment of the survivor estimates from the 
end to the beginning of the year were made in this calculation. 

The results of the Survivor Analysis (Table 18a and b)
provided a weighted (by population numbers) terminal fishing mortality, 
Ft, for ages 6 to 8 of 0.417. The unweighted value was 0.46. 
However, as in previous years, the coefficients of variation on this 
analysis were quite high, ranging from 42 to 60 percent. 

Cohort Anal ysi s 

The determination of the 1982 partial recruitment vector and 
fully recruited fishing mortality closely followed the procedure 
outlined by Q'Boyle (1981b). A modification was however made to the 
Cohort Analysis (Pope, 1972) to improve the calculation of the age 13+ 
population numbers. In previous assessments (Q'Boyle, 1981a; Q'Boyle 
and White, 1982), the age 13+ catch-at-age has simply been dropped from 
the analysis. Here, the age 12 and 13+ numbers were calculated using 
the "fi shi n9 i ncompl ete" equati on of Pope (1972). However only the age
12 numbers were used to commence the analysis. During the various runs 
to be mentioned below, these values, once the analysis commenced, were 
updated through an iteration process with the arithmetic mean of the 
age 6 to 9 fishing mortalities serving as input F at age 12 and 13+ for 
the next run. The convergence criterion was Fi-Fi+l < 0.001. 

Choice of the 1982 partial recruitment pattern and fully
recruited fishing mortality was made through close examination of the 
following relationships: 

1. 	 Age 6+ SPA population numbers (xl0-3) vs age 6+ numbers per 
tow from Canadian summer research survey. 

2. 	 Age 2 to 5 SPA population numbers (x10-3) vs age 2 to 5 
numbers per tow from Canadian summer research survey. 
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3. 	 Age 1 SPA population numbers (xl0-3) vs age 1+2 recruitment 
index from Canadian summer research survey. 

4. 	 Age 2+3 SPA population numbers (xl0-3) by cohort vs age 2+3 
recruitment index from Canadian summer research survey. 

The partial recruitment pattern was established before choice 
of the 1982 fully recruited fishing mortality (Ft ). First, the 
pattern as calculated for 1981 by O'Boyle and White (1982) was 
multiplied by the Ft estimated by the Survivor Analysis. Full 
recruitment in previous assessments has been shown to occur at age 6 
and be asymptotic thereafter. Small adjustments were made to the age 1 
to 5 partial recruitment values to maximize the r2 of relationships 
2, 3, and 4. The resultant vector was not dissimilar to that provided 
by O'Boyle and White (1982) and almost identical to that given by 
O'Boyle (1981a) (Table 19). 

The fully recruited Ft for 1982 was calculated using the 
following criteria: 

1. 	 Maximization of the r2 of relationships 1, 2, 3, and 4 examining 
the plots closely for the identification of outliers. 

2. 	 Assuming an intercept of zero and thus seeking those relationships 
which regress lines closest to the origin. Again plots were 
closely examined to identify data points which could be spurious. 

3. 	 Choice of a 1982 Ft which gave a 1981 Ft which is consistent 
~th 1981 Ft provided by O'Boyle and White (1982). 

In general, the discrimination power of the various criteria 
was low for the range of Ft values chosen. The sults forr2relationship 2 (Table 20) suggest that, from an r point of view, an 
Ft of 0.46 would be appropriate. From an intercept point of view, a 
value closes to 0.25 is likely. This relationship had two outliers 
those for 1974 and 1977. Removal of these pOints from the analysis 
would narrow the choice of Ft to the range of 0.25 to 0.35. 

The first relationship's results (Table 21) suggest that Ft 
should be around 0.4. The intercept never passed through the origin, 
the value of A changing only slightly over the range of Ft values 
tested. 

The results for relationship 3 (Table 22) suggest an Ft of 
0.35 to maximize the rand 0.25 to pass the intercept through the 
origin. 
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The last relationship's a2alysiS (Table 23) provided an Ft 
in 1982 of 0.50 and 0.375 for the r and intercept criteria 
respectively. 

The summary of this analysis is that two relationships, 2 and 
3, suggest an average Ft of 0.3 (middle of range 0.25-0.35) while the 
remaining two suggest a value around 0.425 (average of 0.4, 0.5, and 
0.375). The latter value is very close to that generated by the 
Survivor Analyis. Thus the choice in essence reduces to a decision for 
Ft in 1982 between 0.3 and 0.42. 

The last criterion to examine, that of consistency with the 
1982 assessment, was used to discriminate between these two options. 
In the Cohort Analysis using an Ft of 0.3, the average 1981 Ft 
(weighted by population numbers) for ages 6 to 9 was 0.43. The 
comparable value for the analysis with an of 0.4 was 0.52. TheFt
1981 Ft chosen in the 1982 assessment was 0.4 (O'Boyle and White, 
1982) which suggests that the 1982 Ft for this analysis should be 
closer to 0.3 than 0.4. 

Final Cohort Analysis 

The Survivor Analysis suggested an Ft of 0.42 whereas the 
Cohort Analysis suggested a value of 0.3. Both procedures have 
inherent problems. The first suffers from high variance while the 
second requires much subjective decision making. The most persuasive 
piece of information in the analysis is that an of 0.3 would beFt
consistent with the decision for Ft made in 1982. What is worrisome 
about this is that the analysis as presented by O'Boyle and White 
(1982) might be too optimistic. It is still too early to tell whether 
or not this is the case. 

The Cohort Analysis using an Ft of 0.3 and the partial 
recruitment pattern as given in Table 19 is presented in Table 24. The 
associated plots are provided in Figure 13. An examination of the age 
1 estimates for the stock assessments over the last three years shows 
that the various evaluations have been fairly consistant (Table 25). 
There has been, however, a general increase in size estimates of the 
1977 to 1978 year classes between this (Ft of 0.3) and the evaluation 
by O'Boyle and White {1982}. It is important t~ point out here that 
the value for the 1980 year class (93,681 x 10- ) was predicte~ 
from the relationship between age 1+2 population numbers (xl0- ) by 
cohort and age 1+2 survey recruitment index. Jhe same relationship 
predicts a large 1981 year class (85,110 x 10-). However, because 
there is still not enough data to definitively fix the size of this 
year class, the geometric mean of the age 1 estimates for 1962 to 1980 
was used as representative of the size of the 1981 year class. 

http:0.25-0.35
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Table 25 also presents the age 1 population size estimates 
assuming an Ft of 0.4. The view of the resource is much more 
pessimistic than that with Ft = 0.3. Also, an Ft of 0.4 suggests 
that the Ft value in the current year had been underestimated in the 
last three years as shown by the decreasing population numbers 
estimated by each successive assessment. 

Yield-per-recruit Analysis and Catch Projections 

Yield-per-recruit 

In previous evaluations, the maximum age chosen for the yield 
per-recruit analysis has been 12 years. Closer examination of the 
available commercial sample data and discussions with other colleagues 
has indicated that the maximum age that a haddock can attain is in the 
order of 16 years. 

The partial recruitment vector was that as derived above in 
the Cohort Analysis. 

The weight-at-age (kg) was obtained through converting the 
1982 commercial weight-at-age (Table 8) to length using the offshore, 
quarter 2 length-weight relationship (Table 6) and then fitting a Von 
Bertalanaffy growth equation to this data. This equation was used to 
calculate a 20 yea~ vector of lengths which was then converted back to 
weight using the same length-weight relationship as used above (Table 
26). Mwas taken as 0.2. 

The FO.1 with 16 ages was 0.248, compared to 0.3 for 12 
ages, which is a decrease by 21%. The yield per recruit, on the other 
hand, changed from 0.605 to 0.596 which is only a 2% decrease. The 
FMAX and yield-per-recruit at FMAX changed 5% and 1% 
respectively. 

Catch Projections 

Projections were only carried out for the Cohort Analysis 
~th Ft of 0.3, although it is realized that this may represent an 
overly optimistic resource picture. The Cohort Analysis run with Ft 
of 0.4 produces a 1982 population about 75% the size of that produced 
by the Ft = 0.3 run. Thus under equivalent catch projection 
conditions, yield in this case can be expected to be 75% of that 
presented here. 

The catch projection was run to 1984 using the starting 
conditions as given in Table 27. Three assumptions were considered for 
1983 - 32,000 t caught (the TAC); FO.1 caught; 25,000 t caught
(projected). The 1984 exploitation was at FO.1. 
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The results (Table 28) show that, regardless of the 1983 
assumption, 1984 yield can be expected to be near the present TAC of 
32,000 t. This conclusion ;s of course contingent on Ft being 0.3. 
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Tabl e 1- Reported nominal catch (t round) of haddock from NAFO Division 4X (excluding unit area 4Xs) by 

country. 

CANADA CANADA 
YEAR (MQ) (Nfl d) USA USSR SPAIN OTHER TOTAL TAC 

1970 15560 1639 2 37Q 12 17583 18000 
1971 16067 656 97 347 1 17168 18000 
1912 12391 411 10 470 1 13283 9000 
1973 12536 268 14 134 6 12958 9000 
1974 12243 662 35 97 13037 0 
1975 15991 2109 39 7 2 18148 15000 
1976 16294 972 95 5 17366 15000 
1977 19561 1649 2 12 21224 15000 
1978 25300 114 1135 2 27 26578 21500 
1979 24287 268 69 3 15 24642 26000 
1980 28215 75 256 34 28580 28000 
1981 30156 113 342 16 30627 27850 
1982 23216 28 767 4 24015 32000 

Table 2. Recent Canadian fishery allocations and the respective reported catch of 4X haddock (t). (All
information from Atlantic Quota Reports.) 

YEAR VESSEL SIZE ALLOCATION REPORTED CATCH % OF ALLOCATION 

1975 all vessels 12500 15970 128 

1976 all vessels 13300 15715 118 

1977 all vessels 13400 20220 151 

1978 all vessels 21500 25518 119 

1979 > 
< 

125 ft. 
125 ft. 

8500 
17500 

6471 
17949 

76 
103 

1980 > 

< 

125 ft. 
125 ft. 

5500 
22500 

5095 
23585 

93 
105 

1981 > 125 ft. 
< 125 ft. 

5500 
22350 

5319 
23881 

97 
107 

1982 < 65 ft. 
65-100 ft. 

> 100 ft. 

23850 
1100 
7050 

21077 
691 

2829 

88 
63 
40 
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Table 3. Nominal catch (t round) of haddock from unit areas 4X m-r and u (unknown) landed in the Maritimes 
and reported by tonnage class and gear type. The number in brackets represents the number of 
commercial samples taken by MFO. 

TONNAGE CLASS 
1-3 4-5 

YEAR or LC f:1B~ or LC RISl: TOTAL 

1970 4894(5) 2754 1295 6500(22) 113 3 15559 
1971 4289(6) 3019(3) 954 7712(17) 93 0 16067 
1972 2741(3) 3904(7) 933(1) 4750(20) 63 0 12391 
1973 1822(6) 5714(9 ) 701 4228(14 ) 70 Q 12535 
1974 3949(5) 6106(10) 509(1) 1623(5) 56 a 12243 
1975 6091(18) 4917~8) 548(1) 4409(28) 26 0 15991 
1976 4348(4) 4591 6) 1159(2) 6144(33) 46 6 16294 
1977 6185(6) 3918(8) 960 8345(64) 117 35 19560 
1978 9213(1) 5957(10) 1947(4) 8093(48) n a 25302 
1979 9870(2) 4292(12) 1435(2) 8634(33) 56 0 24287 
1980 12655(10) 5635( 17) 2403(4) 7440(24) 82 0 28215 
1981 14599(42) 6925(26} 1915( 7) 6647(7) 70 0 30156 
1982 11495(49} 6708(20) 1888(14) 3091(10) 32 a 23214 

Table 4. The mean weight (t) per commercial sample as per Table 3. 

TONNAGE CLASS 
1-3 4-5 

YEAR OT cr lUSt or CC RIS~ 

1970 979 295 
1971 715 1006 454 
1972 914 558 933 238 
1973 304 635 302 
1974 790 611 509 325 
1975 338 615 548 157 
1976 1087 765 580 185 
1977 1031 490 130 
1978 9213 596 487 169 
1979 4935 358 718 262 
1980 1266 331 601 310 
1981 348 266 274 950 
1982 235 335 135 309 
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Table S. Summary of commercial sampling for the 4X haddocK fishery in 1982 - tons landed (no. of samples);' 

Otter Trawler Landings 
m n 0 e !J 9 r 

Quarter T~ I-l I~ 4-~ T~ I-~ T~ 4-~ 

1 1412(7) 1781(7) 46(1) 
2 2162(15) 378 1915 (2) 
3 1141(5) 2l9(1} 3472(8) 8 
4 643(3) 705(1) 704(5) 1 

Total 	 5358(30) 3083(9) 6137(16) 9 

Longliner Landings 
mn 0 e u 9 r 

Quarter T~ I-l TC it-5 rC-I-l rc ~-5 

1 
2 
3 
4 

1975(3) 
1011(2) 
2065(6)
1379(8) 

29 

3 

37 
97(1) 
88 
57 

Total 6430(19) 32 279(1) 

Miscellaneous Gear Landings 
mn 0 e u 9 r 

Quarter TC !-l TC ~-5 rc I-l TC ~-5 

1 71 1 
2 
3 
4 

432(2)
1062(9) 

253(3) 

29 
32 

9 

Total 1818(14) 71 

Table 6. Seasonal adjustment in weight (gm) at length (em) for inshore (4Xq,r) and offshore (4Xm,n,o,p) 
components based on combined (1970-81) research survey data and 1981-82 port sample data. 

Fishery Quarter Log a b e Log a (adj usted) n 

Inshore (q,r) 	 1 -2.04376 3.03027 1.2378 x 10-4 -2.03782 7754 
II ..2 .. 	 -2.02742 

3 	 -2.01529 .. .. ..4 -2.00403 

Offshore 1 -2.11667 3.07669 2.8047 x 10.5 -2.11532 30091 .. .. .(m,n,o,p) 	 2 -2.11297 
3 -2.11022 
4 	 -2.10767 
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Table 7. 	 Landin9s 
, 

at age· (numbers in OOOIS) of haddock caught in unit areas 
4~-4Xr, excluding discards. 

j 1962 1963 1964 1965 1966 1967 1908 1969 1970 1971 1972 19i3 1974 1975 1976 1977 1978 1979 1980 1981 1992 
'" 	 .._--------- --- . .'" ------------------------------
I 'i 0 'J 0 

,,") 
Ij 0 0 0 0 41 150 .I 37 18 .."i '} 'J 18 :: lJ

" I .. ~ ... ..... 	 OW"2 ! 139 713 155 70 219 66S 10 1055 lsa 22 10n 694 2175 1196 !2SS is 31 Ll.'t·~ 411~.. 	 1"" ... ,.....;524 :013 1 ".,.., 	 ~1""oJ i 	 ."J ... 3039 18341 515 297 2016 7~4 1617 3434 11; 4653 4568 1644 3126 3354 t358 2305 ;. .. /0 ..!'::J..:. ....... ,""
4 I 1415 71BS 	 4286 1981 1796 20380 1164 1965 1502 isa 1841 2247 309 5164 4261 2019 7014 .,709 299i 6177 ~':·O1 
~ 
,J ! i7iS 3087 	9337 3153 n67 9148 17448 1621 379 1412 509 l'J67 1779 485 3682 3193 2094 38tH 5430 4180 4406 

~34 2aBl :S32 	ton 3s~a """,,4'1; f #....,~6 I 11'Ja 1649 	3018 ~4Q9 2149 1039 4684 11243 524 404 645 527 509 1103 ,J,l~'J .O/J 
~o-..... "1~7 I 1648 HiS 1492 .,/.) 3747 735 I .. .) 3220 4536 S9 90 ~O,j 189 247 S07 360 1040 1244 SOS 1169 141S 

.,,~~.~a i 973 :93 	13iO 1000 940 1052 SIS 455 1863 3316 57 322 ~O1 r'"I..., 154 389 13i " O~ ~25 3i3 341 
,~., 	 <~..4Jt::t ! ~.'" 479 612 7~5 409 187 Ij/ .. 249 133 1020 1166 2S9 le6 .:1... 71 1{)7 107 57 1"'~ ~27 J.::V.... 	 OJ....• ...,

,.),.j 
~~ 

~-., ... to ~32 1""....... 416 2SS 424 1·)2 190 194 16 163 512 614 269 32 9S Ii. 26 66 71 1":· 

11 ."11 ; :05 111 297 203 BS 90 131 172 17S ISl 26 55 ;Jj.. 165 39 .!~ ? 4. 14 46.,.. 	 ~ 

12 I 64 59 168 114 0 .. " 23 65 94 ../ 146 193 13 24 229 103 a 6 I) -.,. 22 13 
13 [ 100 43 36 113 94 a1 89 69 37 105 92 .; 4 11 157 97 48 18 16 11 10 

Table 8. ~ean weights at age (kg) of haddock caught in unit areas 4Xm-4Xt. 

I 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1979 1979 19:0 1991 liS: 
I ----_________~________________ • I ••••----------------------------------------------------------- 

I 0.2'1 'J.2'1 ,).29 0.29 0.29 0.2'1 0.29 0.29 0.29 0.29 0.29 0.27 O.lS 0.2:3 0.23 ';,28 0.29 0.29 'j.15 0.23 ".22 
I ".56 0.50 O.SO 0.36 0.31 0.32 0.37 0.56 0.57 0.50 0.45 0.51 0.46 1'.52 0.52 0.46 0.44 0.51 0.S2 ,).59 0.49 
! 0.75 0.78 0.75 0.65 0.67 0.62 0.62 O.7~ 0.90 0.96 O.9~ 0.75 0.32 0.S2 0.81 0.71 0.87 0.$7 0.3a V.SS 0.90 
1 1.15 1.05 1.00 1.00 0.35 ,'.a5 0.90 ·~.SS 1.05 1.25 1.35 1.25 1.10 1.20 1.19 1.22 1.33 1.33 1.33 1.26 1.29 
i 1.40 1.45 1.!O 1.:0 1.23 1.US 1.10 t.15 1.16 1.40 1.60 1.80 1.70 1.55 1.60 1.72 1.S5 1.34 1.7S 1.72 1.67 
i ~.60 1~71j 1.70 1.56 1.50 1.45 1.30 1;35 1.43 1.50 1.i5 2.00 2.30 :.:5 2.10 :.20 2.3:3 2.36 :.36 2.2:: 2~14 
: :.20 1.3S ~.1'5 1.95 Lao 1.30 1.70 1.60 1.65 1.75 1.902.20 2.50 2.8S 2.95 2.14 2.70 2.~3 2.10 2.65 2.~a 

3 ! 2.12 :t3S 2. 1)4 2.20 2~la 2.05 2.05 2.00 1.95 1.95 2.10 2.30 2.60 3.00 3.50 3.30 3.39 3.30 3.28 3.15 2.?5 
~ ! 1.90 2.25 2.5'l 2.!(1 2.50 2.36 2.30 2.45 2.30 2.30 2.30 2.50 :.30 3.20 3.60 3.57 3.77 4.03 3.82 3.65 3.48 

1-J I 2.40 2.20 2.40 2.63 2.50 2.70 2.52 2.50 2.a2 2.65 2.80 2.70 2.95 3.45 3.80 3.77 4.17 4.15 ~.34 3.70 4.04 
11 I 2.86 2.70 2.42 :.50 2.75 2.70 3.00 2.70 2.80 3.25 3.00 3.30 3.20 3.50 4.10 3.69 4.03 4.96 4.21 4.51 3.96 
12 I 2.70 3.20 3.00 2.70 2.60 2.a9 2.90 3.30 2.85 3.00 3.70 3.40 3.S0 3.70 4.00 3.94 3.61. ~.oo 4.84 4.33 4.1;
13 ! 3.99 3.25 3.61 3.30 3.01J 2.80 2.95 3.06 3.60 3.00 3.30 4.20 3.9Q 4.4.0 4.20 3.91 4.63 5.68 4.'17 4.72 4.62 

http:1.902.20
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Table 9. 	 Percent composition (by weight) of haddock caught in unit 
areas 4Xm-4Xr, excluding discards. 

116: 1163 1964 	 !?5S 1966 196i 1968 1969 1970 1971 1972 1971 19i4 1975 19i6 19i7 19ia 19i? 1980 ~?91 

~. . . ..~ 	 ~~ 

.1..1 1 • S I,.; t '1 .;.,1 ~ti 
1 4 

.\ot';",', .'" ij.4 1.1 · ~ 
". 	 .'~ 

~3,1 1. ,J 	 ').4 'J .1 0.2 l,j· .i- 0.8 
;: ~ 9 O.S 	 1).2 0.1 {) t1j I} .:! 

~ 

.J t 3 
~ . 
"';:.1 ').6 	 1.7 IJ.3 ".4 'J.: 'J;: 

Table 10. 	 Percent composition (by numbers) of haddock caught in unit 
areas 4»n-4xr, excludinq discards. 

; 1"1:.: 19,~3 1964 !965 1966 1967 1968 1969 19iO 1971 1172 1973 19i4 19i5 19i6 197i 1979 19i? 1990 },?81 198: 

.) . ,j .0 0.0 	 'l.,j fJ .tJ 0.0 0.0 'J.O 0.0 0.,) 1).5 _h ').0 'j .3 0.1 t) .'J 'J.V \).0 'j t ,J ;1:) .') ,'J 
~ ~ 	

ij 
. 

..... 
.. ):).4 ., - j 7 .. 

,}.6 . " 

.:. 1 jf" ..... 
, 

~ . 4.1 ·j.6 'i .1 .... ::s 0.0 9.5 i.9 0.3 34.0 7.4 15.1 10.2 9.5 'J ,4 ~ . 'J.~ 

c: ., 	 1 ~ M" • :l • _ .. t ...11 ::J 33. 11.5 	 ..... ; 16.S 46.0 .,;:) 1.1 9.5 5•.~ 16.1 39.S 1.2 49.3 31.0 12/? "';:~ • .l 20.0 ·."tV 14. :4~3 
~A .,Q ., 4 	 1';' '"10. 41.1 19.1 	11.0 24.9 61.! 4.4 # .-., 13.6 7.9 21.3 24.S 3.3 35.7 3'3.4 14.9 41.9 46, l lB~ ..i..! Ie ~ .... d. ... I4'" 	 ~" ...~, . 	 _.i lJ .\1 41.6 17.4 9.1 27.4 65.5 i.o 3.4 14.2 5.9 u.a 18.a 3.4 :8.1 23.6 12.5 :6.7 3,; • ~4 • .t 3{). ()

~ 

l I 12. 9.4 	13.4 29.9 5.5 J.l 17.0 52.9 4.7 4.0 7.5 S.S 5.4 7.6 3.4 21.3 16.9 1.3 "'., 16;1 11. 4 .,. 
~ 	 ., .,7 i J.~. 9.1 	 6.6 10.9 9.5 2.2 2.7 15.1 41.0 ".7 1.0 6.6 2.0 1.7 6.3 ..)1 A.2 8.5 3. 6.2 9.6.. ., 	 .., .~ 	 M ..

8 I • 3.4 	 6.1 5.5 2,1 ,h .. t.r 2.1 16.9 33.1 0.7 3.6 2.9 1.2 1.2 2.9 0.3 loS 4. •• v ' .., ., 	 . -'". .,0 .;. "' .... 	 2.7 4.1 1.0 0.6 2.5 1.2 1.2 10.2 13.5 2.9 2.0 0.4 1}.6 Ij .8 0.6 0.4 l • ·J t ...I l •• 

10 1. 1),9 	 1.1 1.6 1.1 0.3 0.7 0.9 0.9 1.6 5.9 6.8 2.9 0.2 0.7 ,).S 0.2 ·).5 ~. 'J.5 .j .6 
j ... 	 . .. 

1. ;..,:.11 .. ,).~ t.l 0.2 Ij.3 0.5 0.8 1.6 1.8 0.3 0.6 S.B 1.1 ij .3 0.2 {j .1 (;.1 V. ".1 I) .. .: 
\ 	 ., ., 1 ' ..12 !Jl' 0,3 	 Ij ,7 1).6 :).2 0.1 0.2 0.4 ·j.2 1.5 ,,;.;. '1.1 ".3 .. ,., o.;?' 'j, 1 0.0 ').0 <), · ') ; .;. 1.J ~ ~ 

j ., 	 '.-	 .I ~. :) \ 0+2 0,2 	 ".6 0.2 0.2 0.3 0.3 0.3 ltV 1..~• .) .1 ').0 O.t ... 'J .6 ').3 ij .1 ,? I) ... I) t .. 
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Table 11. Comparison of 1982 catch-at-age as projected by 0'80yle and White (1982) and as observed in the 
fi sllery. 

OBSERVED 0' BOYLE & WHITE 

AGE Number (10-3) % Composition Number (10-3) % Composition 

1 0 0 1 0 
2 493 3.4 1002 4.9 
3 3652 24.8 6101 29.8 
4 2369 16.1 2785 13.6 
5 4406 30.0 5775 28.2 
6 1675 11.4 2150 10.5 
7 1418 9.6 1641 8.0 
8 341 2.3 601 2.9 
9 180 1.2 192 0.9 

10 93 0.6 168 0.8 
11 46 0.3 50 0.2 
12 18 0.1 7 0 
13+ 10 0.1 

Number (10-3, 14701 99.9 20473 99.8 

Catch (t) 23216 32000 

Avg. wt(kg) 1.579 1.563 



Table 12. Stratified mean catch (in numbers) per standard tow of haddock caught during U.S. Fall Bottom Trawl Survey (Strata 31-34) (--- no data). 

AGE 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1915 1976 1977 1978 1979 1980 1981* 1982 

0 79.39 0.21 1.53 1.14 0.13 3.55 10.27 0.13 20.46 7.74 1.12 3.70 7.10 11.74 12.55 6.08 25.24 55.57 6.31 
1 48.68 14.21 2.46 1.83 6.29 1.72 4.66 4.88 0.06 34.03 3.85 2.77 4.42 13.66 16.16 9.85 12.05 42.83 47.82 
2 15.67 10.96 24.99 2.88 2.44 4.60 0.52 2.51 8.61 0.12 16.12 6.72 2.91 4.43 29.46 11.93 28.85 8.73 
3 14.03 3.58 10.67 39.85 3.89 1.62 2.17 0.41 2.30 5.32 0.21 7.54 1.96 1.92 13.33 14.45 8.47 5.52 
4 19.62 4.62 3.67 12.82 31.64 0.49 0.32 1.16 0.31 1.54 1.95 5.07 2.38 3.99 5.61 8.38 2.37 
5 7.64 7.37 2.95 4.08 4.57 12.83 0.04 0.25 1.07 0.18 0.35 0.87 3.66 4.27 2.43 2.84 1.95 
6 3.29 2.18 3.99 2.30 0.98 4.13 3.09 0.81 0.16 0.60 0.16 0.36 0.35 6.02 3.14 1.52 0.47 
7 1.52 0.63 1.24 3.80 1.07 0.53 1.42 3.09 0.11 0.17 0.16 0.13 0.23 0.58 0.14 0.43 0.60 0.19 
8 1.21 0.75 0.19 1.55 0.47 0.73 0.17 1.29 3.70 0.14 0.08 0.14 0.14 0.02 0.09 0.04 0.35 
9 0.33 0.34 0.37 0.90 0.17 0.71 0.62 0.34 1.54 1.83 0.30 0.01 0.12 0.10 0.12 0.11 

10 0.42 0.042 0.36 0.34 0.28 0.36 1.07 0.07 0.02 0.07 
11 0.05 0.10 0.16 0.41 0.12 2.02 0.03 0.09 
12 0.08 0.06 0.20 0.27 0.05 0.25 
13 0.05 0.04 0.03 
14 0.12 0.10 0.05 ~ 

TOTAL 191.92 44.89 52.01 71.15 51.63 30.92 23.74 15.48 39.01 52.22 25.49 24.78 22.42 38.69 86.30 54.18 87.99 118.09 96.06 59.7 

AGES 2+ 63.86 30.47 48.07 68.18 45.23 25.64 8.81 10.47 18.49 10.46 20.52 18.31 10.90 13.29 51.59 38.23 50.70 19.69 41.93 

AGES 5f 14.54 11.31 8.74 12.63 7.26 18.93 5.80 6.39 7.27 3.48 2.24 4.05 0.96 4.56 10.81 6.24 5.00 3.07 

TOTAL 67.91 31.43 31.82 58.65 34.91 28.53 14.59 17.66 24.10 24.45 17.21 20.74 13.86 21.94 75.29 53.59 55.55 33.41 56.57 25.1 
kg/tow 

* Age1ng data unavailable at this time. 
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Tabl e 13. 	 Stratified mean catch (in numbers) per standard tow of haddock caught during Canadian summer 
bottom trawl survey (strata 70-91, 95) 1970-81 - A. T. Cameron; 1982 - Lady Hammond; includes 
Lady Hammond correction in 1982. 

AGE 1970 1971 1972 1973 19744 1975 1976 19773 1978 1979 1980 1981 19822 


0 
1 

0.000 
4.872 

0.000 
0.099 

0.000 
4.404 

0.000 
4.976 

0.000 
8.153 

0.000 
5.518 

0.000 
4.617 

0.000 
5.278 

0.000 
5.391 

0.352 
1.636 

0.024 
18.511 

0.510 0.117 
11.7401 10.842 

2 3.921 9.263 0.195 19.053 17.942 3.466 5.272 20.246 4.660 11.528 6.028 23.780 23.833 
3 1.148 3.933 2.732 0.479 21.220 4.383 3.394 13.077 9.544 6.605 13.179 5.860 10.667 
4 2.167 1.729 1.160 2.466 0.768 6.013 3.405 3.868 2.870 7.919 6.841 7.320 3.883 
5 0.881 2.489 0.761 1.131 3.578 0.394 6.175 5.557 1.400 4.009 10.472 2.770 5.542 
6 1.982 1.131 0.825 0.423 0.775 1.417 0.467 3.456 2.615 1.605 3.527 3.040 2.108 
7 5.073 1.746 0.543 0.569 0.438 0.510 0.553 0.466 0.988 2.524 1.298 1.030 2.083 
8 0.704 4.424 0.808 0.429 0.505 0.287 0.101 0.558 0.025 0.949 1.056 0.210 0.275 
9 0.293 0.504 1.106 0.287 0.268 0.136 0.026 0.121 0.158 0.208 0.510 0.370 0.158 

10 0.258 0.078 0.037 0.371 0.202 0.043 0.033 0.095 0.000 0.026 0.202 0.240 0.042 
11 0.069 0.035 0.005 0.018 0.287 0.246 0.008 0.008 0.035 0.000 0.031 0.120 0.025 
12+ 0.017 0.053 0.070 0.008 0.000 0.153 0.358 0.223 0.318 0.099 0.000 0.040 0.000 
NK 0.000 0.000 0.066 0.000 0.000 0.000 0.074 0.007 0.088 0.121 0.000 0.010 0.100 

TOTAL 21.39 25.48 12.71 30.21 54.14 22.57 24.48 52.97 27.99 37.58 61.68 57.04 59.68 
2+ 16.51 25.39 8.31 25.23 45.98 17.05 19.87 47.68 22.60 35.59 43.14 44.79 48.72 
5+ 9.28 10.46 4.22 3.24 6.05 3.19 7.80 10.48 5.53 9.54 17.10 7.83 10.33 

TOTAL 22.95 27.5 13.24 12.77 39.46 21.29 22.21 47.77 26.46 41.98 57.1 44.68 39.96 
Kg/tow 

1 set 66 (stratum 90) was changed to equal the numbers per tow in the next lowest set. This was done for age
1 fi sh only. Leaving set 66 as it was gives an estimate of 30.86 for age 1 and a total of 76.16. 

2 adjusted for differences in Lady Hammond and A.C. Cameron selectivity. 

3 set 42 (stratum 76) was excluded. 

4 set 13 (stratum 90) was excluded.--

Table 14. 	 Strata ranking of haddock catches (numbers per tow) from Canadian Summer Bottom Trawl Survey.
1 - highest catch rate; 2 - second highest catch rate ••••• 5 - fifth highest catch rate. 
1970-1981 - A.T. Cameron; 1982 - Lady Hammond. 

STRATA 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 


70 2 
71 
72 4 2 2 3 
73 2 2 4 2 3 5 4 
74 5 4 4 2 4 2 2 4 5 
75 3 4 5 3 1 4 5 
76 2 5 3 
77 5 5 5 5 
78 
79 
80 1 1 1 2 2 1 1 1 3 3 3 
81 4 3 1 1 3 4 4 2 
82 
83 
84 
85 
90 3 3 5 3 5 5 1 1 1 1 
91 4 
92 
93 
94 
95 
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Table 15. Recruitment Indices for the 4X haddock stock (--- no data). 


Based on Canadian Summer Survey Ages 
Year C1 ass 1 + 2 2 + 3 

1962 
1963 
1964 
1965 
1966 
1967 
1968 0.437 
1969 0.772 0.588 
1970 0.016 0.04l 
1971 1.163 2.264 
1972 1.158 1.018 
1973 0.767 0.380 
1974 0.647 1.113 
1915 1.231 1.527 
1976 0.602 0.649 
1977 0.910 1.393 
1978 0.386 0.658 
1979 2.435 1.757 
1980 1.925 2.0172 

11981 	 1.638 

Based on U.S. Fall Survey Ages
0+1 1 + 2 

2.493 
3.455 	 1.803 
0.106 	 0.241 
0.129 	 0.194 
0.294 	 0.479 
0.074 	 0.095 
0.316 	 0.311 
0.569 	 0.620 
0.007 	 O.OOS 
2.108 	 2.160 
0.436 	 0.486 
0.152 	 0.255 
0.312 	 0.396 
0.806 	 2.001 
1.075 	 1.237 
0.851 	 1.818 
0.704 	 0.914

12.635 	 3.435
13.940	 3.835

30.459 

!1 Based on age one catch/tow only. 

2 Based on 	 age two catch/tow only. 

3 Based on 	 age zero catch/tow only. 

Table 16. 	 Catch rates (numbers per tow weighted by stratum area) for age 0-12+ haddock caught in Canadian 
groundfish survey (1 - Lady Hammond; 2 - A.T. Cameron) in 1979 to 1982. H - March; J-July;
o-N - October- November. Only strata 70-85 are included (_•• no data available) (.- incomplete
survey) • 

1979 1980 1981 	 1982 

AGE 	 HI i a_HI H1 i 0_N1 M1,3 i 01,3-N H1 J1 0_N1 

0 0.40 13.27 0.0 0.03 112.80 0.0 0.57 11.30 0.17 
1 1.58 6.61 7.08 20.19 21.15 44.50 13.05 13.13 14.16 
2 7.00 20.71 2.62 3.41 5.99 18.45 3.68 12.01 21.04 
3 3.27 6.18 19.92 9.41 10.96 6.79 1.71 7.57 7.11 
4 6.61 8.33 7.30 6.74 5.34 16.87 6.99 21.40 3.23 
5 4.15 3.84 8.07 11.13 5.42 7.77 2.87 7.89 6.32 
6 1.73 1.23 6.30 3.77 3.13 5.52 3.30 7.37 2.60 
7 2.75 1.77 2.38 1.46 0.76 3.85 1.12 3.70 2.60 
8 1.00 0.37 2.96 1.16 0.80 0.98 0.24 0.77 0.32 
9 0.23 0.14 1.41 2.53 0.21 0.40 0.40 1.50 0.21 

10 0.0 0.06 0.09 0.23 0.02 0.34 0.26 0.92 0.07 
11 0.0 0.0 0.26 0.03 0.02 0.05 0.13 0.33 0.04 

12+ 0.11 0.09 0.12 0.0 0.06 0.04 0.04 0.06 0.0 


4+ 16.58 15.83 28.89 27.05 15.76 35.82 15.35 43.94 15.39 

5+ 9.97 7.50 21.59 20.31 10.42 18.95 8.36 22.54 12.16 


TOTAL 28.83 62.66 58.51 60.09 166.66 105.56 34.36 87.95 57.87 


3 excludes 	strata 83 and 84. 
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Table 17. Research and commercial abundance indices for the 4X haddock stock (._- no data). 

Canadian SUII1'I\er Commercial Catch Rates (t/hrl
Strata 70-91 1 95 

OTB2 TC2-3 OTB2 TC4-5 OTB2 TC3 l OT82 Te5 l 
Year 

Sampl ed 
Age 2-5 
No/tow 

Age 6+ 
No/tow 

''''ay-Aug.
4Xq-r 

Jan-March 
4Xm-p. u 

July-Sept.
4Xq-r 

Jul y-Sept. 
4Xm-p. u 

1968 0.453 0.443 0.258 0.386 
1969 0.231 0.534 0.277 0.354 
1970 8.117 8.396 O.'!O1 0.232 0.137 0.306 
1971 17.414 7.971 0.098 0.261 0.149 0.266 
1972 4.348 3.462 0.114 0.243 0.193 0.240 
1973 23.129 2.105 0.091 0.265 0.144 0.259 
1974 43.508 2.475 0.185 0.301 0.233 0.283 
1975 14.256 2.792 0.199 0.342 0.270 0.364 
1976 18.246 1.620 0.163 0.459 0.240 0.380 
1977 42.748 4.934 0.274 0.413 0.370 0.487 
1978 13.474 4.127 0.247 0.447 0.413 0.651 
1979 30.061 5.532 0.242 0.653 0.346 0.610 
1980 36.520 6.624 0.208 0.679 0.320 0.550 
1981 39.730 5.060 0.218 0.777 0.307 0.529 
1982 43.925 4.791 0.190 0.523 0.266 0.395 

1 derived through multiplicative model 
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Table 18a. 	 4X haddock population numbers, survivors, variance of survivors and 
weighted survivors estimated using Survivor. Tne calioration block 
was 1970-1982; age 3-7 and K=6. 

1?70 !971 1972 1973 1974 :97: 197: 1977 11173 :?71 !':~O 1'?91 
....--~------------------------------------------------------------------------

J 4643 69i2 13109 3136 2~9S4 25716 11229 27194 33i62 19334 3~~S4 :O34~ ~2~94 

4 6138 3119 4136 818S 2372 16789 17061 7~24 17531 23006 13905 ~47b3 !i;?4
.. ... ..,,,41\ "1'\.,11\ 	 i ....""'t'" • ':::':::""1'
.J I 2376 :;ItJ';' .Lil~ 2086 4888 1578 97, -"i • 10614 4295 95:13 .t.~Jw~ 9105 4 W,.;,,;. wi 


6 ! 3096 1590 2112 1145 1006 2711 377 5043 5968 2106 4447 7085 4039 

7 I 	 1.,0::-:'11470 2277 1085 1166 620 481 1361 360 2394 307~ 1023 1561I 	 -,J/ww 

"1QB I 1273 SSM 1807 696 So8 345 ... , 581 74 1387 1685 443 ,~13 

ESTIMATED StJRVIVOR5 	 11 5/83 

107/\ ;071 	 H'.,O 
.. J 1'1 ,. if t ... 1°"",,- 1973 1974 1915 197.~ 1977 1978 1980 1981 1992 

." I 

---+--------------------------------------------------------------------------------1Q"'rf\'l 1-''i ~ ~ .#w",, 
.. 51 2491 0 0 17i76 0 5:;0 6922 :285 4993 __ 1:~4: ".,1 .. ..;1.1'"• -,C::=. .,.,,, "''7 "1"1:;1 () 	 ...1 ~ ..... _...~..,, 'I i it:::: 

I''l ww 1247 0 .. ; .... ...'" ~..w'" 2276 0 4030 791:: ... J4IW 
~,.,.,c:-. i:-'O 	 !'7M 1": ~ 1':~"7'7 

.j 299 • .."J ~ 116 375 1983 0 w~vv ....i ..; \J 219 '?161 15S3 ....'y\",w'rt.J 
i. 	 ii,! ()-J 1903 7~2 .... 364 250 0 18S'1 474 705 1561 1542 3095

,,"Ic:0__WI 	 ~., 1"11\" ~ 1 c:: '11-'.07 I 2020- 400 294 357 447 ,,, 360 bn 2328 ..... IofJ. wJ.wY"' ' .., " 'a I -265 50S7 1294 548 698 387 92 i27 0 1427 1430 345J.O~ 

ESTIMATED VARIANCE (,)F SURVIVORS 

1970 1971 1972 1973 1974 1975 1976 1977 1973 1979 1990 
--+----------------------------------------------------------------------------------

J 486316 5713854 27Si037 34752 166330533 70%173 42:S0S2 5!169C~1 50194934 3~e6i3·J1 :!!:C9771 
"Il1,, 07LO 	 ....... ,.,; ..
.~4 .... vJ!\J\J 	 1~5S3j4 611429 27632~O 268010 16429024 ~:6S216 579S331 374277-:1 42:;09680 .,/J_':'''if ... 

c:: 	 ':.".,.,~ ::~,,\",!,~C::~."261121 2094202 194832 430344 4306959 "'''._a..I 12S23149 10388911 ,SS9396 r:. ~'''('I''''wlotVi v, w ·~";\J,....,w" '>i'"' 6 I 1228061 	 399837 212775 55936 137766 .,27700 bS17S 3713576 2137745 305309 333e9701 

"C'j''''O7 I 11573527 1370959 132598 145600 66275 116971 137S26 '?7659 43S985 2S64935 .t wi 01 : I 

S 1 332506 13130584 438002 123472 171095 5:261 6844 :~ag92 419 604208 748133 

1991 1982 
~.-+------. 

3 I 62827190 393691651 
4 80836015 	 43176631 
5 5744936 	 43492326 
6 4310002 	 3940960 
7 477101 	 3705011 
3 29526 64473 


~EI~HTE~ SURVIVORS 


I 1970 1971 1972 1973 1974 1975 1976 t977 ~973 i979 1980 1931 1982 
--+----------------------------------------------------------'"\'"I) 	 '"!lJ" .,3 2 J 0 0 2S 3 :: 102 -,,- .......... 5110 37163 


.J ,;HI 	 0 ...u_ , 'I 170 34674 ~I !7 0 7 '1" " 	 351 .:'%7" .,l' c:: 	 i,'1"! e 
~ ~"oj... ,,0 11 '1" 0 59 35 'j ... :95 567 -.Ji...J.J"..." 	 '"1"1L 405 '~L 2 0 1"... 27 0 115 36 .w 22 63:; 1647101 ..." 	 ,.., 111::1073 431 1'1"' 	 106 75 23 wi " 3S6 w"" ~2 70 1517", ',1\"1 .j")§ 265 2650 	 772 .'.14 m 1:6 ...... :38 0 543 740 147 :92 

~MS=O.2415763437 
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Tab1e 18b. 	 Estimated survivors for age 8 and 1982 and estimation of k and 
residuals from Survivor. The ca1ibration block was 1970-1982; 
age 3-7 and K=6. In insert, F's (1982) for age 3-8 were calcu
lated from Survivor using Newton. 

'~E:=,,,.,,, 
... J ~ '<I 

:171 

~!:'!~Qa1 
:65 

7"'1"'.1 
WI ... 

~=!n~~~ 
132506 

61::1493 

~~t!!!:~gf;~~c:..,.,
wi I 

2480 

~ '-J f,~/r"'~\_l'_, \ -/ "" 
217.74 
6b,~1 

j -~i"... , J' ... 

1973 
1974 
10"':"1!:'; 
.'/',J 

1<)"".1 I >J 

1977 
1978 
1979 
1980 
1981 
19S2 

1608 
477 
336 
230 
125 
340., 

1129 
1226 
223 
392 

261315
4C'':'·=: 
,.,w.~ 

54463 
18022 
6093 

68454 
409 

230113 
387525 
26137 
54551 

511 
·'"If7.. '" 
:33 
''''' ..:.~.., 

7S 
262 

20 
430 
623 
162 
234 

31.30 
-+4.71 
.5Vt43 
~St34 
,-, ':i' 
""-Y~~\I

7,;.85 
1274.12 

42.47 
50.77n 1:./1.. tvv 

59.58 

AGE 

..:, 
4 
5 
6 
7 
a 

INSERT 
A B 

4Q':~O: -) + J34'11 .J.¥ 

!7'!SS ;)t 1,,:7
19431 0.2263 
5324 O.422~ 
4877 'j.3839

"C:l 0.5757'W";4 

1970 ,,"H"
';'..i;"/ 1,9690 

A"~:::5: 
! 
4 
c: 
'" ~ 
7 
3 

FIliAl.. 

~ 

iY~:!!:::g'::! 
37163 
1:077 
11947 
2357 
2720 
392 

ESTIMATION FOR 

!. !:t!(!) 

~ 

~=l!;~~~ 
70"!~'f!~" ..... w\J 1 ';'''';'';1 

2:;S9~)270 
24963361 
2091208 
1774501 

54551 

'!!!!H l:!:H !,) 

~!a!:~:~.2_~!~2!! 
~OO'~ 
.. i ,,,,,4t;.. 

50~9 
4-1'16 
1442 
1332 
234 

a~~f!U;~~l! 

~.~.(3/1J) 
~"1 1'0 
'tJ'W.-.,jl 

41.39 
41 .. 2:: 
50.69 
48.97 
59.53 

~,E: 

YEAR 

1""1 
"', i .... 
1 .:.,,, 
"" ~ I i.. 

1.'?73 
1?;~ 
't .~:e;
"" .... "H)'7L 
.' f y11:)"";,. .... , 
117B 
10it;)
41J' 

1?90 
10()1 
.. J 'j. 

1992 

3172 Ot~3:;9 
~f't'I"H. " :Y'!~ ~ .,.", ... f.,i -., to -",...,..,t..

07-:: O.4;~0i";V 
." , '). ~8~C!~O 

4.~9 I) C'i ':~ 
Vf'\J ....... ;"J 

3:0 0.7421 
840 l\ .,,,"Z'.,

\1" ! -~ ...-.. 

145 4.3:48 
1M? 0.1-?:)4 
"1<:1"1' O.37t·2...... i.iv 

~~ f).7:::~I J 

3:1 :,',. =:"'~'7 
'" t \JI wi; 

."•"! 
3579.69 
32:0.57 

8.0734 
8.0265 

O.:!193 
0.1201 

0.1:99 
O~O961 

0 
0 

c: 
~ 

b 
"'l, 

:289.98 
1807.32 
1807.32 

7.67~t) 
7.3387 
7.3887 

" 1""4." ......... 
').2218
0.2213 

0.0971 
0,0924 
0.0924 

0 
,~c:: 

~'" 
..,~ 
,"'..I 

3 1807.32 i.3887 0.2213 0.0924 "lC::..... 
RESIDUAI.S 

1970 1971 1972 1973 1974 1975 1176 1'777 1178 1979 1980 1?81 19S: 
---+--------------------~---------~--------------------------------~-------------------------------------3 -0.1231 0.7028 -0.2930 -0.6037 ltv739 -0.4941 0,0739 0.5431 0.0119 0.2012 0.2970 0.0305 0.0000 
4 ').1377 0.5890 -0.0924 -0.0209 0.0512 O.lS:~ ·0.4327 0.5134 -0.6337 -).1124 0.4695 -).;)401 ·'').0247
S -0.!637 0.4316 -0.1236 ().216S O.S167 -0.5590 O.3.~97 O.131..t -Ot2?~4 -V.0371 0.5347 -{i~:451 -j.JS:S
6 ~} t 1457 O. 2S! 1 -0.34aO -!). 4036 0.33~~9 -lj. 0569 -0.0380 () .2139 -;:1.23:;3 0.3201 0,. 36 1.)2 -.,. :~4:; ,j? ·;6:9 
7 -O.Z:4~) O.326~ -~).10(JS -O~12S3 {).2439 0.,6379 -r;.308S :),851:; -,;.293: :).3'?44 ~j.8:!CO ·:j~!7.)~; ':·,,:::7
S -,'.0001 'j.Zl07 -lit:!!! !j.l072 f).4742 O.iOSe -0.1827 '~¥5507 -jt4968 ~,2::: ';,1:47 -;.:~:r: -;"'.;'39:2 

~E~H OF ~ESIDUAI.S=O.09Q116?7S82 
ST~MtlC.Ii:D D£VI~T!OH ell' ~E3!DUALs:O.35S4507023 

OUTLIERS OF ~ESIDUALS 

I 1970 1971 197: 1973 1174 1975 1976 1977 1973 1979 1980 1981 1992 
---+------------------------------------------------------------------3 I 0.00 ~.oo 0.00 0.00 1.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

4 I 0.00 0.00 0.00 0.00 0.00 ().oo f),OO Ij.OO -0.63 (j.CO 0.00 0.00 O.:}O
5 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 
6 I 0.00 0.00 ;).00 0.')0 0.00 0.00 0.00 0.00 0.00:).00 'J.OO 0.00 I~.OO 
7 I 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.85 0.00 0.00 0.33 C.CO O.~O 
S I 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 

http:0.00:).00


- 28 

Table 19. 	 Comparison of partial recruitment vectors used for 1982 with those determined in the last two 
assessments. 

PR PR PR 
AGE 1980 1981 1982 

(O'Sayle, 1981a) (O'Sayle and White, 1982) (This assessment) 

1 0.003 0.00006 0.0002 
2 0.017 0.04 0.021 
3 0~200 0.3 0.180 
4 0.600 0.6 0.541 
5 0.800 1 0.770 
6+ 1 1 1 

Table 20. 	 Age 2-5 SPA population numbers (x 10-3) vs age 2-5 numbers per tow from the Canadian research summer 
survey. A and S are the intercept and the slope respectively of the linear regression of the SPA 
estimate on the research data. 

YEAR 
Age 2-5 
Research 
no/tow 0.2 0.3 0.35 

Tennina1 
0.40 

Fishing Mortality 
.46 0.50 0.55 0.60 

1970 
1971 
1972 
1973 
1974 
1975 
1976
1977 
1978 
1979 
1980 
1981 
1982 

8.12 
17.41 
4.85 

23.13 
43.51 
14.26 
18.25 
42.75 
18.47 
30.06 
36.52 
39.73 
43.93 

22585 
32024 
24213 
48849 
66248 
6i483 
78054 

102497 
100477 
135288 
129906 
209290 
268656 

22554 
31881 
23879 
48115 
64892 
59209 
74412 
93334 
87116 

107569 
97174 

144074 
179007 

22545 
31840 
23784 
47906 
64506 
58562 
73374 
90725 
83310 
99666 
87833 

125437 
153388 

22538 
31810 
23713 
47750 
54217 
58077 
72598 
88772 
80462 
93749 
80836 

111459 
134172 

22532 
31782 
23648 
47608 
63954 
57636 
71892 
86996 
77870 
88359 
74457 
98695 

116623 

22529 
31767 
23614 
47532 
63814 
57402 
71517 
86051 
76492 
85491 
71060 
91889 

107262 

22525 
31752 
23578 
47453 
63668 
57158 
71125 
85067 
75056 
82499 
67515 
84774 
97474 

22522 
31739 
23548 
47388 
63547 
56955 
70801 
84250 
73864 
80014 
64567 
78846 
89315 

A 
6 

-495 
3770 

13425 
2518 

17397 
2160 

20377 
1892 

23100 
1647 

24553 
1517 

26074 
1380 

27381 
1267 

r2 0.512 0.575 0.599 0.617 0.626 0.625 0.616 0.598 
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Tabl e 21- Age 6+ SPA population numbers (x 10-3) vs age 6+ numbers per tow from the Canadian rsearch summer 
survey. A and 6 are the intercept and the slope respectively of the linear regression of the SPA 
estimate on the research data. 

YEAR 
Age 6+ 
Research 
no/tow 0.2 0.3 0.35 

Termi nal 
0.40 

Fishin 
O 

Mortality
.46 0.;)0 0.;)5 0.60 

1970 8.40 19634 19610 19603 19597 19593 19590 19587 19584 
1971 7.97 11944 11923 11916 11912 11908 11905 11902 11900 
1972 3.46 8513 8491 8485 8480 8476 8473 8470 8468 
1973 2.10 5647 5628 5623 5619 5615 5613 5610 5609 
1974 2.47 3984 3959 3952 3946 3941 3938 3936 3933 
1975 2.79 4760 4685 4664 4648 4633 4626 4617 4611 
1976 1.62 3674 3509 3462 3427 3395 3378 3360 3345 
1977 4.93 5727 5373 5272 5195 5126 5089 5051 5019 
1978 4.13 8080 7432 7247 7108 6981 6914 6844 6785 
1979 5.53 7654 6583 6277 6048 5838 5727 5611 5514 
1980 6.62 10255 8488 7980 7599 7250 7064 6870 6708 
1981 5.06 16542 12187 10942 10005 9148 8690 8211 7811 
1982 4.79 18780 12473 10668 9312 8072 7410 6716 6137 

A 1387 819 656 535 422 363 300 248 
6 1789 1665 1629 1602 1578 1565 1551 1539 

r2 0.484 0.621 0.639 0.640 0.63 0.621 0.608 0.595 

Table 22. 	 Age 1 SPA population numbers (x 10-3) vs age 1+2 recruitment index from the Canadian research summer 
survey. A and 6 are the intercept and the slope respectively of the linear regression of the SPA 
estimate on the Canadian research data. 

Year Age 1+2 Terminal FiShing Mortality 
Cl ass Index 0.2 0.3 0.35 0040 .46 0.50 0.55 0.60 

1969 0.772 25612 25452 25406 25372 25341 25324 25307 25292 
1970 0.016 6902 6605 6520 6457 6399 6369 6337 6310 
1971 1.163 48616 47994 47817 47684 47564 47500 47433 47377 
1972 1.158 46145 45115 44821 44602 44402 44296 44186 44094 
1973 0.767 27011 25379 24915 24567 24250 24082 23907 23762 
1974 0.647 53921 51390 50669 50130 49639 49378 49106 48881 
1975 1.231 72294 63675 61221 59385 57714 56826 55901 55133 
1976 0.602 45950 37615 35242 33466 31850 30991 30096 29353 
1977 0.910 91956 68601 61941 56954 52409 49990 47466 45368 
1978 0.386 50155 35501 31319 28185 25325 23802 22211 20887 
1979 2.435 171460 115809 99911 87988 77104 71299 65231 60175 
1980 1.925 158507 105780 90715 79416 69099 63597 57845 53058 

A -2467 7605 10487 12651 14630 15687 16793 17717 
a 18939 44758 37848 32665 27933 25408 22768 20568 

r2 0.798 0.843 0.846 0.836 0.803 0.771 0.722 0.566 
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Table 23. 	 Age 2+3 SPA population numbers (x 10·3) vs age 2+3 recruitment index from the Canadian research ~urvey.
A and B are the intercept and the slope respectively of the linear regression of the SPA estimate on the 
canadian research data. 

Year Age 2+3 Terminal Fish;n~ Mortalitl 
Cl ass Index O.~O O.j~ ~.j~ o.:m .40 0.50 0.!:I5 0.00 

1968 0.44 8677 8658 8653 8649 8646 8644 8642 8640 
1969 0.59 15818 15709 15678 15655 15634 15623 15611 15602 
1970 0.04 4607 4407 4350 4307 4268 4247 4226 4208 
1971 2.26 29457 29036 28917 28827 28746 28702 28657 28620 
1972 1.08 29322 28627 28429 28281 28146 28074 28000 27938 
1973 0.38 16323 15222 14908 14673 14460 14346 14228 14129 
1974 1.11 34639 32932 32446 32083 31752 31576 31393 31241 
1975 1.53 46984 41175 39521 38284 37157 36559 35935 35417 
1976 0.65 30612 24996 23397 22201 21112 20533 19930 19429 
1977 1.39 61313 45577 41089 37729 34666 33036 31335 29921 
1978 0.66 33131 23256 20436 18322 16394 15366 14293 13399 
1979 1.76 ll3821 76327 65615 57580 50245 46333 42243 38835 

A -7389 -1943 -387 780 1846 2415 3010 3506 
B 49530 35159 31055 27978 25771 23674 22110 20808 

r2 0.750 0.867 0.909 0.939 0.959 0.962 0.956 0.942 



Table 24. Results of cohort analysis with terminal F of 0.3 . 

POPULATIOtl tlUMftERS 

1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 
---t----------------------------------------------------------------------------------------------------------------------------------------------
1 I 24999 91671 2010B4 16187 10000 17402 0068 14529 2'5~52 6605 47994 45115 25379 51390 63675 37615 68601 35501 115B09 . '1%8' 1:l~b1 
2 I 32514 20467 75054 164634 13252 8252 14247 6605 11896 20838 540B 39257 36BOI 20778 42041 52117 30795 56165 29066 94800: 1'100 
3 I 59759 26494 16112 61309 134727 10652 6737 11063 5399 8785 16348 4408 29357 29502 15013 33248 41507 25145 45911 23657 76582 
4 I 19259 44833 19870 12041 47446 93710 8255 5247 7214 3765 5729 10277 3506 19825 20021 10B29 21392 30948 19539 35503 17400 
5 I 11763 1440B 30205 12390 8065 29982 58282 5706 2515 4563 2370 3025 63Bl 2591 11559 12536 7039 13624 192b9 13295 23478 
6 I 9574 8022 9068 16281 7291 3738 16270 31930 3205 1716 2449 1479 1511 3615 1683 6132 7375 3868 7613 10862 7095 
7 I 4728 6293 5076 4694 8436 4025 2120 9082 15969 2150 1039 1422 734 771 1961 985 2414 3475 2199 3056 6006 
8 I 3150 2380 3872 2806 2058 3516 2630 1091 4522 8970 1697 770 621 430 412 876 481 1035 1720 1343 1444 
9 I 1906 1699 1412 1930 1392 925 1927 1685 481 2017 4344 1338 339 265 197 198 365 270 609 843 762 

10 I 1058 977 958 602 906 770 589 970 1154 274 728 2501 861 109 161 97 66 202 169 315 394 
11 I 539 657 662 408 232 359 538 309 618 B58 77 133 1492 462 60 46 14 30 104 109 195 
12 I 208 256 435 273 150 111 212 322 98 3~8 539 39 59 722 229 14 17 3 15 65 76 
13 I 324 186 93 271 204 389 290 236 134 250 257 18 10 35 319 153 134 61 59 33 42 

I 169781 219422 363902 293B25 234::!41 173830 120164 88775 78676 61138 88979 1097B2 107053 130501 157392 15~846 183198 170329 242111 .78zlf. ~u9t3 
FISHIIIG MORTAllY)" 18/10/83 

I 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 
---t-----------------------------------------------------------------------------------------------------------------------------
1 I 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.004 0.000 0.001 O.UOO 0.000 0.000 0.000 0.000 0.000 0.000 
2 I 0.005 0.039 0.002 0.000 0.018 0.003 0.053 0.002 0.103 0.043 0.005 0.091 0.021 0.123 0.035 0.028 0.003 0.002 0.006 0.013 0.007 
3 I 0.087 0.OB8 0.091 0.056 0.163 0.055 0.050 0.225 0.160 0.227 0.264 0.029 0.193 0.188 0.129 0.110 0.094 0.052 0.057 0.107 0.054 
4 I 0.085 0.195 0.272 0.201 0.259 0.2750.169 0.535 0.261 0.2&30.439 0.277 0.102 0.339 0.268 0.231 0.3920.274 0.186 0.214 0.162 
5 I 0,183 0,269 0.418 0.330 0,569 0.411 0.402 0,317 0,192 0.422 0.271 0.494 0.369 0.232 0.434 0.331 0.399 0.378 0.373 0.427 0.231 
6 I 0.220 0.258 0.459 0.459 0.394 0.367 0.383 0.493 0,199 0.301 0.314 0.500 0.466 0,411 0.336 0.732 0.552 0.365 0.711 0.392 0.300 
7 I 0.487 0.286 0.393 0.625 0.675 0.225 0.465 0.497 0.377 0.036 0.101 0.628 0.335 0.433 0.606 0.517 0.647 0.503 0.293 0.549 0.300 
B I 0.418 O.3~2 0.496 0.501 0.600 0.401 0.245 0.618 0.607 0.525 0.038 O.6~1 0.651 0.581 0.532 0.675 0.378 0.330 0.514 0.366 0.300 
9 I 0.46B 0.373 0.652 0.556 0.393 0.253 0.487 0.178 0.364 0.819 0.352 0.241 0.933 0.299 0.509 0.907 0.392 0.266 0.369 0.560 0.300 

10 I 0.277 0.lB9 0.654 0.752 0.728 0.15B 0.442 0.250 0.096 1.073 1.~OO 0.317 0.423 0.392 1.056 1.727 0.577 0.465 0.213 0.372 0.300 
11 I 0.545 0.211 0.685 0.798 0.542 0.325 0.314 0.953 0.375 0.265 0.470 0.610 0.526 0.502 1.253 0.B08 1.225 0.517 0.267 0.154 0.300 
12 I 0.412 0.292 0.54B 0.60B 0.598 0.259 0.410 0.386 0.361 0.613 0.49B 0.451 0.586 0.427 0.676 0.957 0.498 0.391 0.354 0.462 0.300 
13 I 0.412 0.292 0.548 0.60B 0.598 0.259 0.410 0.386 0,361 0.613 0.498 0.451 0.59~ 0.427 0.676 0.957 0.498 0.391 0.351 0.462 0.300 

I 0.098 0.098 0.083 0.OB2 0.215 0.247 0.294 0.332 0.IB4 0.223 0.130 0.105 0.112 0.140 0.105 0.115 0.121 0.110 0.087 0.083 0.091 

LV ..... 
I 
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Table 25. Comparison of numbers (x 10-3) at age 1 generated by CAFSAC assessments since 1976. 

Assessment 1970 1971 1972 1973 1974 1975 1976 1977 1978 1919 1980 1981 1982 Ft 

O'Boyle unpublished 
assessment '} }911 30810 1007 60391 49293 28861 33393 0.28 

O'Boyle unpublished 
assessment ,2 1978 20810 1007 60231 35308 14606 26889 44755 0.33 

Res. Doc. 78/19 * 33077 10775 75014 56364 34737 43539 83036 29423 0.3 

Res. Doc. 80/2 ** 

Res. Doc. 81/24 

26436 

25436 

1169 

6504 

50301 

48605 

53352 

47176 

28948 

26207 

56167 

50577 

13480 

81785 

41293 

41959 

50339 

76120 45299 100000 

0.325 

0.300 
w 
N 

I 

Res. Ooc. 82/53 25524 6146 47857 46326 24960 54146 62978 38975 61878 31820 97036 91945 0.400 

Present Document 25452 6605 47994 45115 25379 51390 63615 31615 68601 35501 115809 93681 32367 0.300 

Present Oocument 25372 6457 47684 44602 24567 50130 59385 33466 56954 28185 87988 75411 30736 0.400 

*(0'Boy1e. 1978) 
**(O'Boyle. 1980) 
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Tab1e 26. Weight-at-age (kg) and partia1 recruitment vectors used in 
yie1d-per-recruit calculations. 

Age Weight PR 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

0.220 
0.498 
0.862 
1.283 
1.729 
2.177 
2.611 
3.018 
3.392 
3.730 
4.032 
4.298 
4.531 
4.734 
4.909 
5.060 
5.189 
5.300 
5.394 
5.475 

0.0002 
0.021 
0.180 
0.541 
0.770 
l.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
LOOO 
1.000 
l.000 
1.000 

Table 27. 1982 population characteristics used in catch projections. 

Popul at; on Catch Weight-at-age1 Partial 
AGE No. (000' s) No. (000' s) (kg) Recruitment 

1 32367 0 0.22 0.0002 
2 76700 493 0.49 0.021 
3 76582 3652 0.90 0.180 
4 17400 2369 1.29 0.541 
5 23478 4406 1.67 0.770 
6 7095 1675 2.14 1 
7 6006 1418 2.58 1 
8 1444 341 2.96 1 
9 762 180 3.48 1 

10 394 93 4.04 1 
11 195 46 3.96 1 
12 76 IS 4.13 1 
13+ 42 10 4.62 1 

1 As observed in 1982 fishery. 
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Table 28. 	 Catch projections with varying assumptions concerning the catch 
in 1983 and fishing at FO.l = 0.25 in 1982. A value of 
32,367 x 103 (geometric mean of 1962-1980) was taken for age 
one recruitment in 1982-84. 

Assumption Fully 1+ Mean 1+ Fishable 
Concenring Recruited Population Population 1+ Catch 

1983 Fishing Bioma3s, Bioma3s, Bioma3s, 
Catch Year Mortality t(10- ) t(10- ) t(lO- ) 

32,000 t 1982 0.3 183.8 96.0 23.5 
; n 1983 1983 0.31 196.2 128.5 32.0 

(TAC) 1984 0.25 193.6 150.4 31.0 

1982 0.3 183.8 96.0 23.5FO.1 
in 1983 	 1983 0.25 199.0 128.5 26.6 

1984 0.25 198.5 155.7 32.1 

25,000 t 1982 0.3 183.8 96.0 23.5 
in 1983 1983 0.23 199.8 128.5 25.0 

1984 0.25 200.0 157.3 32.4 
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Figure 1. 	 Cumulative reported nominal catches (t round) of 
haddock from NAFO Division 4X (excluding unit area 4Xs) 
by country. 
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Figure 3. Cumulative reported nominal catch (t round) of 
haddock from unit areas 4Xm-r for the Canadian {MQ} 
otter trawl fishery by tonnage class. 
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Fi gure 5. 	 Length-at-age for ~Xqr (inshore), 4Xmnop (offshore). dnd 4Xs haddock 
from 1970 • 1981 RV survey data (A-D) and from 1970 - 1981 commercial 
sample data (E-I). Gears Quarters and sample size are indicated in 
figures. 
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1982 4X haddock assessment (O/Boyle and White, 1982)
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Figure ,7 a. Stratification scheme used for the Canadian bottom-trawl surveys. 
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Figure 8. Research abundance indices (aqe 0+) for 4X haddock stock. 
Canadian summer survey strata 70-91 and 95. Solid line 
is based on median smoothed data. 



- 48 

): 
Q 
-IJ .......
. 

Q 
'-'= 

I.() 

I 


C\J 


OJ 

~ 

S2j 
I 

I 

I 


46+ 

j 

I 

I 

I 


40+ 

I 

I 

I 

I 


3<4+ 
I 

I 

I 

I 


28+ 
I 

I 

I 

I 


22+ 

I 

I 

I 

\I I 


16+ 
I 	 8 

I 

I 

I 


10+ 
I 

Ie 

I 

I e 
... 
/+ I I I I I I 


1970 19n 1974 1976 1978 1990 1982 


YEA R 
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Figure 12. Trends· fn commercial catch rates by otter trawl in the 4X haddock 
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