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Introduction 

The Divisions 3NO cod stock occupies the southern part of the Grand Bank of Newfoundland. Fish are distributed 
over the shallower parts of the bank in summer, particularly in the Southeast Shoal area (Div. 3N), and on the 
slopes of the bank in winter when cooling occurs. Some seasonal mixing between fish in Division 30 and Subdiv. 
3Ps may occur. This stock declined in the late 1980's and early 1990's and is currently at a low biomass level. It 
has been under moratorium to all directed fishing both inside and outside the Regulatory Area since February 
1994. This assessment updates the status of the stock, based mainly on the Canadian spring and fall research 
vessel surveys carried out in 1997. Preliminary estimates for the spring 1998 survey (age aggregated) are also 
presented for consideration in determining present stock status. Consideration is given to developing biological 
reference points for this stock based on alternative stock-recruit relationships. 

Nominal catch and catch at age 

Catches from this stock peaked at 227,000 t in 1967, mainly by the former USSR and Spain, but declined steadily 
thereafter to a low of 15,000 t in 1978. From 1979 to 1991 catches ranged from 20,000 to 50,000 t (Table 1, Fig. 
1). Continued reduction in recommended TAC's have contributed to reduced catches in recent years to a level of 
about 10,000 t in 1993. The fishery on this stock was suspended in February 1994 and has been under NAFO 
moratorium since then. The 1997 Scientific Council Report recommended that there should be no directed fishing 
for cod in Div. 3N and 30 in 1998. In addition it was recommended that by-catches in fisheries targeting other 
species should be kept at the lowest possible level. 

Landings since 1994, including Canadian surveillance and NAFO Scientific Council estimates (Table 1) have 
been less than 500 t in each year. A total of 442 t was landed in 1997, 329 t by Canada (Table 2) and 113 by 
Portugal mainly as by-catch in gillnet and otter trawl fisheries for skate and redfish. 

Sampling data for 1997 were extremely limited and were considered to be insufficient to prepare a reliable catch 
at age. The last year for which catch at age data have been presented is 1995. Catch-at-age, and mean weights-
at-age from the fisheries in the 1959-95 period are presented in Tables 3 and 4. 

Research vessel survey data 

Stratified-random research vessel surveys have been conducted in spring by Canada in Divs. 3N and 30 since 
1971 and 1973 respectively with the exceptions of 1983 in Div. 3N and 1974 and 1983 in Div. 30. Surveys from 
1971 to 1982 were conducted by the research vessel A.T. CAMERON and those since 1984 were conducted by the 
sister ships ALFRED NEEDLER and WILFRED TEMPLEMAN. The stratification scheme used for these surveys 
is based on depth and is presented in Fig. 2. Fall surveys have been carried out in Divisions 3NO from 1990 to 
1997. 
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In the fall of 1995, the Campelen 1800 shrimp trawl with rockhopper footgear was introduced in the Canadian 
goundfish survey, replacing the Engels 145 Hi-rise trawl that had been used previously. The Campelen trawl is 
towed at 3.0 knots for 15 min instead of 3.5 knots for 30 min in the case of the Engels trawl. The selectivities of 
the two nets were found through comparative fishing experiments in 1995 and 1996 to be markedly different, with 
the Campelen being far more effective at catching small cod and slightly less effective at catching large cod 
(Warren 1997; Warren et al. 1997). Conversion of Engels catches to Campelen equivalent catches are reported by 
Stansbury (1996, 1997). 

Abundance and biomass estimates for these surveys are presented in Tables 5-14 and plotted for the index strata in 
Figs. 3-4. Abundance and biomass have been extremely low in both Div. 3N and Div. 30 from 1994 onwards. 
The preliminary swept area biomass from all surveyed strata in 3N and 30 combined for May 1998 is 82,704 t 
with a CV of 45%. This biomass estimate is mainly from a few sets in the western region of 30 (Fig. 5). 

The mean numbers per tow (age aggregated) for the index strata (i.e. strata with depths < 200 fathoms) are given 
in Table 15 for the spring survey and Table 16 for the fall survey and plotted in Fig. 6. Both the spring and fall 
indices have been extremely low in all years after 1993. 

Analysis 

Mean lengths at age in the surveys  

Mean lengths-at-age are provided for Divisions 3N and 30 in Table 17. Because sampling for otoliths was 
stratified by length, mean length-at-age was determined for each division by weighting the value for each 
individual fish by the ratio of the population number per 3 cm length class to the number of fish sampled in the 
same length class, where the population number was calculated by areal expansion of the stratified mean catch at 
length per tow. (Note that population numbers for years prior to 1996 were calculated from the actual survey 
catch, not the catch adjusted to Campelen equivalents.) Many of the lengths-at-age in 1972-1982 and again in the 
1990s are based on small sample sizes. Mean length-at-age for Division 3NO as a whole (Table 17; Fig. 7) was 
calculated for each year as the mean of the Divisional means, weighted by the Divisional population numbers at 
age. In general, mean lengths-at-age increased from the early 1970s to the early 1980s and then declined a little. 
There has been little consistent change since the mid-1980s. 

Maturity at age  

Female proportions mature at age sampled on the spring research vessel survey together with parameter estimates 
for a probit model with a logit link function fitted to the data are given in Table 18 and plotted in Fig. 8. The 
observed data arc somewhat variable, particularly in recent years. The estimated age at 50% maturity declined in 
the late 1980's and early 1990's and there has been a further steady decline since 1994. The model predicted 
proportion mature at age is given in Table 19. These values are slightly different from those used to calculate 
spawner biomass for this stock in the NAFO Precautionary Approach Workshop in March 1998, 

Estimates of relative year-class strength from survey data 

Estimate of year class strength were obtained by fitting the following general linear model to the 
spring and fall survey mean numbers per tow index data: 

r,  + a,+ + Yk + 

where 	= mean numbers per tow of age a from survey index j, belonging to cohort k in year y , and g = 
intercept, a, = age effect for a = 1...14, 0, = survey effect where j = 1 denotes the spring survey and j = 2 denotes 
the fall survey, 7, = cohort effect, and c = residuals from the fitted model. 

The survey effect was found to be not significant and was dropped. The remaining factors (age and cohort) were 
both significant and the model explained 83% of the variance in the survey index. The estimated parameters for 
relative cohort strength were back-transformed (not corrected for bias) and plotted together with plus and minus 
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one standard error (Fig. 9). These plots show that year-class strength •in recent years are extremely weak 
compared to values estimated for year-classes which arose in the 1970's. Year-classes subsequent to the 1990 
year-class are estimated to be almost non-existent. 

Estimates of total mortality (Z) from survey data 

The spring and fall survey mean numbers per tow index was used to calculate total mortality (Z) by means of the 
equation 

Z — In[ R17°  1: 1 )  
RV 

where R is the research vessel mean number per tow index at age a in year y. 

For those ages that are not fully recruited to the survey, the relative Z yalues provide an indication of possible 
changes in total mortality, although not reflective of the absolute mortality. For those ages that are fully recruited 
to the survey the estimate can be considered to an estimate of actual Z . The calculated Z's for ages 1 to 14 over 
the period 1984 to 1996 for the spring survey are plotted in Fig. 10. The estimates are quite variable because of 
year effects in the survey data. However, an ANCOVA model with cohort (class) and age (continuous) effects 
(separate slopes model) was fitted -to spring mean number per tow index for ages 3 to 8 ,  for the period 1994 to 
1997 (i.e. moratorium). The cohort effect was not significant at a= 0.05. The model was rerun with only an age 
effect and gave an estimate of average Z = 0.65 (SE=0.23). A similar analysis for the fall survey data gave an 
estimate of Z = 0.79 (SE=0.29). These Z estimates are high given that the stock is presedtly under a moratorium 
and must be considered cause for concern. 

Spawner biomass estimates 

The last time a SPA was applied and accepted for Div. 3NO cod was in the 1995 assessment (Stansbury et al. 
1995). This preceded the change to the Campelen trawl and the conversion of Engels data to Campelen 
equivalent data. In the absence of recent catch at age data, it was decided that for this assessment it would be 
useful to estimate the current spawner biomass directly from the spring and fall 1997 surveys by dividing the 
indices at age by their respective catchabilities at age estimated from an SPA and applying recent estimates of 
weights and maturities at age. This requires that survey catchabilities at age for the spring and fall Campelen 
index be estimated. An ADAPT was therefore applied to the converted survey data. It was anticipated that there 
may be small differences in the estimates of population size and fishing mortality in the new SPA compared with 
that carried out in 1995 because the conversion to Campelen equivalent units is carried out on survey catches at 
length rather than age and the index at agbisfecalculated from the catch at length. 

The adaptive framework (Gavaris 1988) applied to Campelen equivalent catch per tow data for the Canadian 
spring and fall research vessel surveys used the following formulation: 

Parameters estimated by ADAPT: 
Year-class estimates 
NiJ995 	 = 3 to 12 

Catchabilities for RV numbers at age 
K(Can Spring), i = 3 to 11, t=1984 to 1994, omitting 1993 
K(Can Autumn) ;  i = 3 to 11, t=1990 to 1994 

Additional structure imposed 
Natural mortality was assumed to be 0.20. 
Error in the catch-at-age was assumed negligible. 
F on oldest age group (12) set at the mean weighted F for age group 7-19:1 

 Intercepts not fitted. 
Input data 

i = 3 to 12 	t = 1959-95 
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RV(Can-Spring)„i = 3 to 11 	1 = 1984-95 
RV(Can-Autumn) ; , 	i = 3 to 11 	t = 1990-95 

Objective finction  
Minimize 
E age i,„{obsonRV(Can-spring), •,)-pred(InRV(Can-spring) ; ,)L2 + 
E age E„,(obs(MRV(Can-autumn),,,)-pred(lnRV(Can-autumn),,)} 2  

Summaty 
Number of observations = 135 
Number of parameters estimated = 45 

The estimated survivors and catchabilities together with standard errors of the estimates are provided in Table 
20. Bias-adjusted ADAPT estimates of population numbers and fishing mortality at age are given in Tables 21 and 
22. Beginning of year mean weights at age calculated from the commercial catches are given in Table 23. 

Spawner biomass derived from the Campelen calibrated ADAPT using beginning of year mean weights at age 
from the commercial catches and model predicted maturities (Table 24) is compared with the spawner biomass 
derived from the Engels calibrated ADAPT in the 1995 assessment (which was based on only a single maturity 
ogive rather than year-specific ogives) in Fig. 11. Also shown is the estimate.of spawner biomass derived from 
the 1995 ADAPT using slightly different estimates of annual proportions mature, as used in the NAFO 
Precautionary Approach Workshop (Dartmouth, March 1998). 

Using the estimates of catchability at age for the Campelen survey in the spring and the fall; the calculated , 
weights at age from the spring survey lengths at age using the equation 

Log(weight) = 3.0879*1og(length) - 5.2106, 

and the model estimates of female maturity at age from the spring survey, the spawner biomass was calculated for 
the period 1984-97 directly from the spring and fall survey data and compared to the estimates of the beginning of 
year spawner biOinaSs for the period 1959 to 1995 in Fig. 11. For the overlapping period there is, as Would be 
expected, reasonable agreement, with the exception of the 1987 survey-derived estimate. The residuals for this 
year are positive in the SPA fit implying a year effect in the survey. It is clear that the current estimates of 
spawner biornass are extremely low compared to values estimated of the 1980s.. 

Biological reference_pOints and present stock size 

Decisions regarding biological reference points such as B„, B„, G„, F a,,n  etc. generally require some description 
of data in spawner-recruit space. Indeed, if the stock-recruit data can be adequately modeled then further 
exploration of biological reference points and associated risk, while not trivial, is relatively straightforward. Cook 
(1998) investigated the application of G, to 3N0 cod using the output from the 1995 ADAPT (Stansbury et al. 
1995). In addition to G, analysis Cook (1998) fitted a Beverton-Holt stock-recruit curve to the data and 
calculated equilibrium SSB and yield. Using the same 'data as Cook (1998) two model fits to the data were 
compared (Fig. 12). 

A non-parametric approach based on Evans and Rice (1988) was examined. This approach puts a smoother 
through the recruitment data with the smoothing parameter expressed with reference to the spawner biomass axis. 
Recruitment estimates that occur closer to the spawner biomass at which recruitment is being predicted get more 
weight than recruitment values that are further removed on the spawner biomass axis (see for examples Shelton 
and Morgan (1993a, b, 1994a, b)). The trajectory of the smoother through the stock-recruit data will depend on 
the probability density function (e.g. Cauchy, Gaussian etc.) and the associated shape parameter. Stiff smoothers 
(large value for the shape parameter) will more closely approximate a parametric fit, whereas less stiff smoothers 
(smaller value for the shape parameter) will more closely follow the data. An objectiVe method for choosing the 
shape parameter is applied in Shelton and Morgan (1993a, b, 1994a, b) and is used here. The Cauchy PDF was 
arbitrarily selected. The shape parameter was then chosen to minimize the cross-validated prediction sums of 
squares using the weighted mean as the predictor, The sums of squares surface for the 3N0 stock-recruit data is 
fairly flat in the vicinity of the minimum. A Value'of 7.648 t spawner biomass approximates the minimum. This 
smoother is not forced through the origin, so will be unreliable at very low spawner biomass levels. The Cauchy 
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smoother with the estimated shape parameter appears to describe the data reasonably well compared to the 
Beverton-Holt fit obtained by Cook (1998) (Fig. 12), however other PDF's should also be explored. The non-
parametric fit indicates more resilience to recruit over-fishing at low stock site than would be predicted by 
parametric models. The Cauchy smoother has an inflection point around 65,000 I spawner biomass, below which 
the probability of good recruitment is reduced. A second inflection point occurs at about 90,000 I spawner 
biomass. Predicted recruitment declines steadily between 90,000 t and 65,000 t of spawner biomass. 

If the Cauchy smoother description of the stock-recruit data is used, then a 13,„„ = 90,000 t spawner biomass and a 
B„. = to 65,000 t spawner biomass may be considered appropriate. The recruitment probabilities from the Cauchy 
smoother could be used directly to explore fishing mortality reference points and alternative harvest control laws 
using standard stochastic simulation techniques. However such exercises would be premature before giving more 
consideration to the appropriate description of the stock-recruit data. 

Precautionary plots 

Based on the fitted Cauchy smoother to the stock recruit data (Fig. 12) and average values of catch weight, 
beginning of year weight and partial recruitment (average of values for 1991-93, partial recruitments adjusted to 
get a smooth function) as well as recent values of maturity at age from research vessel surveys (Text table) and an 
assumed M=0.2, it is possible to complete the "precautionary plots" described in Sissenwine and Shepherd (1987) 
(Fig. 13). 
A e 	Catch wei r ht 	Janua wei rht Maturit 	Partial recruitmeri 

The following reference points were calculated: F0.1 = 0.17, Fmax = 0.25, Fmsy = 0.25, Bmsy (for spawner 
biomass) = 412, 000 t, MSY = 106,000 t, Bmax (for spawner biomass) = 1.4 million t. There is considerable 
difference in the equilibrium yield versus fishing mortality plot and the equilibrium yield versus spawner biomass 
plot for the Cauchy smoother compared with the conventional parametric stock-recruit function such as Beverton 
and Holt. For the smoother, there is an abrupt drop in the equilibrium yield level beyond an F of about 0.6 in the 
yield versus F plot, and in the yield versus spawner biomass plot the curve is skewed with an abrupt drop in 
equilibrium yield below a certain spawner biomass level (about 100,000 t). The reason for this is comparable to 
catastrophe theory and can be readily understood if it is recalled that the replacement line is a straight line 
through the origin in the stock-recruit plot, the slope being proportional to the total mortality rate (and also a 
function of weights and maturities at age). Where the replacement line intersects the smoother through the stock-
recruit smoother, an equilibrium point, in theory, exists. As the slope increases with increasing F, the equilibrium 
point moves to the left. Because of the shape of the smoother, there is a sudden drop from an upper equilibrium to 
a lower equilibrium above an F of about 0.6 for the assumed values for weights, maturities and natural mortality. 
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Conclusions 

The 1996 and :1997, spring and fall research vessel surveys .  indicate that the current stock size .  romans at an 
extremely low level. • Converting the survey estimates to spawner biomass estimates using the catchabilities at age 
from the ADAPT :  applied to Campelen-equivalent data and current estimates of maturity and weights at age 
indiCates i hal ilie spawner stock biomass is at an extremely low level. Estimates of recent year-class size from 
survey data indicates that recruitment haS been almost non-existent since the 1990 year-class. Estimates of total 
mortality for the post-moratorium period from survey data indicate that the current Z is substantially higher than 
the assumed natural mortality value used in .the. SPA. Low spawner biomass, low recruitment and high total 
mortality point to poor prospects forthiS stock in the medium term. RecoVery will require a numb& of relatively 
strong year-classes that survive to maturity, rebuilding the spawner biomass. 

The amount of spawner biomass rebuilding required before reopening of the fishery could be considered has not 
been determined in this assessment. Biological reference levels require an accepted description of the stock-
recruit data. This description needs to be arrived at in an objective manner and be comparable across stocks that 
occur within the NAFO Regulatory Area and for which advice is provided. 
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Table 1 Catch It of cod in NA1 10 Divisions 3NO. 1953 -1997 

Year Canada Spain Portugal USSR Others Total TAC 

1953 39884 12633 , 	' 	7919 5761 66197 
1954 17392 88674 24045 4650 134761 
1955 6053 64987 27711 15605 114356 
1956 5363 42624 15505 1390 64882 
1957 9641 51990 21740 6819 90190 
1958 4812 29436 11608 2195 ' . 48051 
1959 3687 39994 ' 	17730  48 2911 - 64370 
1960 3408 33972 14347 24204 3746 79677 
1961 5428 32284 9059 22854 3099 72724 
1962 3235 17413 3653 7971 2712 34984 
1963 5079 37632 10004 .10184 6843 69742 
1964 2882 37185 8095 9510 6789 6446) 
1965 4229 64652 1692 17166 11448 99187 
1966 6501 52533 5070 39023 5792 108919 
1967 3446 77948 9703 118845 16842 226784 
1968 3287 69752 6752 78820 6900 165511 
1969 3664 71160 4940 29173 8768 117705 
1970 4771 67034 3185 28338 8233 111561 
1971 2311 89915 6589 19307 8174 126296 
1972 1736 76324 11537 12198 1579 103374 
1973 1832 42403 7759 27849 586 80429 103000 
1974 1360 . 38338 6602 26911 178 . 73389 101000 
1975 1189 16616 5560 20785 24 44174 88000 
1976 2065 9880 2620 8992 - 	726 24283 43000 
1977 2532 8827 1742 4041 462 17604 30000 
1978 6246 5813 641 1819 199  14718 15000 
1979 9938 13782 1140 2446 545 27851 25000 
1980 5589 8999 1145 3261 997 19991 26000 
1981 6096 13299 1091 3187 671 24344 26000 
1982 10185 14361 2466 3985 608 31605 17000 
1983 11374 12320 1109 3238 778 28819 17000 
1984 8705 13590 1071 3306 431 27103 26000 
1985 18179 13682 608 3968 462 36899 33000 
1986 18035 23395 6890 1181 1144 50645 33000 
1987 18652 15788 4108 764 2307 41619 33000 
1988 19727 15889 3927 2973 634 43150 40000 
1989 13433 17904 913 108 857 33215 25000 
1990 10620 4678 2145 18 11385 28846 18600 
1991 12056 2  5448 1063 61 10824 3  29454 3 13600 
1992 7859 1927 449 68 2449 3  12752 3  13600 

Russia 
1993 t  5370 3764 525 287 700 10646 : 10200  
1994 47 1783 50 822 3  2702 6000 
1995 • 	64 29  79 3  172 3  0 
1996 t  99 33 42 3  174 3  0 
1997 329 113 442 0 	4  

Provisional 
2  Figure is 4000 t higher than Canadian Statistics as this is an amount deemed to be 
misreported as 3L catch. 
Includes Canadian Surveillance Estimates and NAFO Scientific Council Estimates 

4  The fishery for cod was suspended in February 1994 and has been 
under a NAFO moratiun since then. 
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Table 3. Catch-at-age for Divisions 3NO cod, 1959-1995 (000s). Age 13 is a plus group 

	

1959 	1960 	1961 	1962 	196? 	1964 	1965 	1966 	1967 	1968 	1969 

3 

4 

5 

6 
7 
8 

9 
III 

II 
12 
13  
3+ 	35301 	41894 	37557 	15451 	30680 	53875 	47098 	67480 	161654 	149025 	64420 
6+ 	15486 	11495 	20649 	8337 	13400 	12622 	30855 	28633 	28809 	27283 	16393 

	

1970 	1971 	1972 	1973 	1974 	1975 	1976 	1977 	1978 	1979 	1980 

	

' 2105 	950 	69 	10058 	6425 	671 	4054 	607 	920 	' 72 	266 

	

19703 	. 26900 	19797 	27600 	9501 	8781 	7534 	2469 	4337 	3827 	1055 

	

10799 	■ . 30300 	12289 	15098 	10907 	3528 . 	5945 	2531 	2518 	9208 	3812 

	

9481 	' i 11700 	13432 	5989 	10872 	2505 	1084 	1500 	818 	2784 	2275 

	

3646 	3500 	5883 	1971 	2247 	3057 	211 	572 	354 	883 	761 

	

' 1635 	2500 	1686 	972 	2147 	1059 	238 	177 	102 	265 	222 

	

• 541 	500 	285 	707 	1015 	921 	44 	209 	58 	58 	92 

	

149 	200 	216 	243 	676 	461 	37 	65 	51 	17 	31 

	

227 	100 	78 	137 	428 	252 	13 	41 	8 	12. 	8 

	

90 	50 	74 	116 	257 	152 	9 	25 	5 	7 	13 

	

1472 	700 	350 	173 	881 	396 	17 	36 	21 	16 	2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13  
3+ 	8003 	8953 	7931 	. 8420 	16986 	17772 	12069 	15114 	11303 	13307 	5957 
6+ 	5145 	5079 	4212 	5951 	7773 	8331 	7640 	12992 	5702 	3397 	3186 

1992 	1993 	1994 	1995 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13  
3+ 	8722 	6360 3928.13 	135 
6+ 	1608 	1200 	253.13 	43 

1711 	1846 	812 	1026 	313 	6202 	1013 	753 	20086 	16359 	8154 
13036 	6503 	4400 	3882 	5757 	15555 	7611 	1841? 	62442 	56775 	12924 
5068 	22050 	11696 	2206 	11210 	19496 	7619 	19681 	511317 	48608 	26940 
6025 	3095 	15258 	1581 	4849 	7919 	13258 	11795 	18517 	18485 	11191 
3935 	2377 	2014 	3594 	1935 	2273 	9861 	8486 	4774 	6337 	2080 
1392 	2504 	1672 	773 	3840 	A109 	4827 	4467 	4651 	1592 	1393 
757 	583 	847 	668 	1165 	788 	1081 	1829 	236 	505 	518 
926 	387 	196 	433 	608 	328 	1248 	1694 	180 	178 	292 

1220 	898 	25 	226 	322 	37 	163 	122 	71 	90 	134 
103 	242 	245 	216 	208 	112 	141 	57 	45 	45 	202 

1128 	1409 	392 	846 	473 	56 	.276 	183 	335 	51 	574 

505 	305 	1179 	58 • 	57 	153 	516 	277 	1917 	1064 	1103 
1091 	1978 	647 	1000 	2953 	2865 	422 	318 	2182 	4505 	673 
1262 	1591 	1893 	1411 	6203 	6423 	3491 	1527 	1502 	4341 	995 
2297 	1012 	1204 	2324 	3036 	4370 	3445 	6347 	1260 	895 	544 
1902 ' 	1528 	686 	1220 	2519 	1512 	1213 	3955 	1887 	422 	282 
574 	1492 	1152 	720 	797 	948 	653 	1009 	1284 	721 	368 
192 	595 	774 	918 	459 	558 	845 	567 	485 	581 	568 
94 	211 	238 	551 	533 	373 	494 	425 	233 	439 	502 
41 	162 	81 	106 	261 	349 	398 	249 	168 	150 	383 
13 	27 	41 	42 	97 	135 	404 	142 	100 	83 	202 
32 	52 	36 	70 	71 	86 	188 	298 	285 	106 	337 

10 
11 
12 
13 
3+ 	49848 	77400 	54159 	63064 	45356 	21783 	19186 	8232 	9192 	17149 	8537 
6+ 	17241 	19250 	22004 	10108 	18523 	8803 	1653 	2625 	1417 	4042 	3404 

	

1981 	1982 	1983 	1984 	1985 	1986 	1987 	1988 	1989 	1990 	1991 

	

4508 	1314 	232 	0 

	

1769 	3209 	2326 	72 

	

837. 	637 	1117 	20 

	

612 	479 	125 	40 

	

235 	321 	93 	2 

	

64 	74 	26 	0 

	

99 	25 	8 	1 

	

128 	39 	1 	0 

	

153 	49 	0.03 	0 

	

100 	53 	0.07 	0 

	

217 	160 	0.03 	0 



,p.85 , 	 0.48... 	0.39 	, 0.49 	0.74.. 	0.51 	0.55 	0.55 
' •1.27, 	1.17 	1.17 	1.15 	0.86 	" 	1.01 	• 	0.82 	1.00 	0.97 	1.01 	0.85 

1.84 • • 	1.50 • 	1.87 	1.51 	1.37 . ' 	1.52 	1.30 	1.38 	1.60 	1.46 	1.59 
2.69 	. 2.20 • 	2.63 	2.28 	2.05 , 	2.16 	1.83 	1.79 	2.24 	2.51 	2.30

•3.55 . 	• _: 3,83 .. 	.3.80.. 	.3.04 	. 3.25 	3.49 . 	2.89 	2.23 	3.27 	2.73 	3.83 
533. . • ', 5.26 	• 5.20 	4.05 	4.65 	5.41 	4.76 	.3.77 	4.61 	4.14 	5.56 
7.13; 	7.49 	• 	6.27 	5.76 	 ' 7.95 	7.26 	5.12 	7.08 	5.02 	7.53 
9.10 	• 	8.80 	8.08 	7.22 	8.32 	, :9.82 	8.95 	6.88 	8.31 	8.37 	9.04 
9.01 	9.82' 	8.99 	8.92 	9.15 	9.94 	9.85 	9.37 • 	9.47 	9.29 	11.98 

10.15 	12.28 	11.01 	12.61 • 	11.13. 	' 9.88 	12.59 	11.07 	12.25 	11.25 	13.98 
13.50 	' 13.50 	13.50 	13.50 	13.50 	13.50 	13.50 	13.50 	13.50 	11.91 	13.60 

3 

4 
5 
6 
7 

8 
9 

10 
11 
12 
13 

0.36 
0.78 • 

 '1.35 
1.84 

• 2.82 
• 4.11 

5,87 
7.76 
8.79 
8.67 

12.74 

0.27 	0.00 
0.46 	0.75 
0.9 1^ 	'1:21 
1.63 	2.03 
1.84 . 	2.29 
4.04 	2.08 
4.94 	6.60 
7.54 	6.22 
3.44' 	0.00 
7.52 	0.00 

10.00 	0.00 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

0.33 
0.65 

•1.80' 
2.82' 
4.85 
5.56 
7.43; 
8.64; 

10.65 • 
14.11 

• - 10 - 

Table 4. Mean weight-at-age for Divisions ?NO cod, 1959-1995. Values for age 13 is the avenge of the plus group 

	

• 	. 	• 

1959 	• 1960 	1961 	1962 	1963 	1964 	1965 
	

1966 1967 	1968 
	

•• 1969 
3 
4 
5 
6 
7 
8 
9 

10 

11 
12 
13 

0.42 	0.42 	0.42 .  0.42 
0.82 	• 	0.82 

1.25. . 	, 1.25 	1.25 	1.25 .. 
• 1.95 	 1.95 	1.95 
. 2.82 	.. 	2.82 	2.82 	2.82 

3.39 	• . , 	3.39 	3.39 	3.39 
• 

3.98 	. 	3.98 	3:98 - 
	

3.98 
4.68 	. 	4.68 	4.68 	4.68 
5.25 	, 	5.25 	5.25 	• 5.25 
6.17 	6.17 	6.17 	6.17 

13.50 	13.50 	13.50 	13.50 

, 0.42 	0.42 	0.42 
0.82 - 	• (1.82 	(1.82 
1.25 	, 	1.25 	1.25 
1.95 	1.95 	1.95 
2.82 	2.82 	2.82 
3.39 	3.39 	3.39 
3.98 	3.98 	3.98 
4.68 	4.68 	4.68 
;5.25 	5.25 	5.25 
6.17 	6.17 	6.17 

13.50 	13.50 	13.50 

(1.48 
	

0.48 
	

0.48 
	

0.48 
0.90 • 	- 0.90 
	

0.90 
	

0.9(1 
1.35 
	

1.35 
	

1.35 
	

1.35 
2.14 
	

2.14 
	

2.14 
	

• 2.14 
3.16 
	

3.16 
	

3.16 
	

3.16 
4.21 
	

4.21 
	

4.21 
	

4.21 
6.34 
	

6.34 
	

6.34 
	

6.34 
7.69 
	

7.69 
	

7.69 
	

7.69 
8.46 
	

8.46 
	

8.46 
	

8.46 
10.24 
	

10.24 
	

10.24 
	

10.24 
13.50 
	

13.50 
	

13.50 
	

13.50 

;1971 	' , 1972 
	

1973 
	

1974 • 	1975 
	

1976 
	

1977 
	

1978 
	

1979 
	

1980 , 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 

	

0.48 	0.54 
0.90 - 	0.90 	0.97 
1.35 	1.35 	1.44  
2.14 	2.14 	2.08 
3.16 	3.16 	2.89 
4.21 	4.21 	3.56 
6.34 	• 	6.34 	5.95 
7.69: 	7.69 	7.95 
8.46 	'8.46 	8.32 

10.24 	10.24 	10.14 
13.50 •-•:: 	13.50 	13.511 

0.57 
1.00 
1.43 

• 2.19 

4.63 
6.25 
9.56 

11.17 
13.99 
13.50 

0.42 
0.73 
1.20 

1.96 
2.86 
4.67 
7.32 
5.46 
8.4(1 
7.51 

13.50 

0.38 
0.89 

1.28 
2.13 
3.14 
4.16 
5.53 
6.74 
5.27 

13.50 

0.50 
0.91 

1.41 
2.33 
3.25 
4.03 
6.67 
8.74 
9.14 

12.49 
13.50 

0.57 
1.00 

1.48 
2.48 
3.51 
4.74 
7.17 
8.81 

11.70 
11.47 
13.50 

0.72 
1.05 
1.55 
2.25 
3.74 

' 4.61 
6.19 
7.23 
9.48 

12.87 
13.50 

.• 	, 0.65 

0.98 
. 1.39 

2.09 
2.87 
3.70 
4.75 

• 7.15 
7.98 

10.11 
13.50 

0.71 
1.04 

_1.69 

2.50 
3.69 
5.49 
7.98 
9.22 

10.60 
12.61 
13.50 

• 1981 	• 	1982 • 	1983 
	

1984 
	

1985 
	

1986 
	

1987 
	

1988 
	

1989 
	

1990 
	

1991 

1992 	1993 ' 
	

1994 
	

1995 
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Table 18. Proportion mature at age of female Atlantic cod (Ga in NAFO Div. 3NO (1975-1997). A50=median age at maturity (years); 

L95% and 1195%=lower and upper 95% confidence intervals. Parameter estimates of the logit model are shown: Int=intercept; SE=standard error; 

n=sample size; period no lish sampled. Data are from spring RV surveys, are unconverted (Engels trawl prior to 1996, Campelen trawl thereafter) 

and incude all strata fished. 

AGE 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 	. 

12 

13 

A50 

L 95% 

11 95% 

Slope 

SE 

Int 

SE 

n 

1975 

0 

0 

0 

0 

0.56 

. 0.97 

0.98 

I 

I 

l. 

I. 

5.98 

5.73 

6.19 

3.50 . 

 0.74 

-20.90 

4.48 

244 

1976 

0 . 

0 

0 

0.03 

0.05 

0.48 

1 

. 	1 

I 

 1 

1. 

6.09 

5.72 

. 6.93. 

. 2.34 

 0.62 

-14.26 

3.38 

 184 

1977 

0 

- 	0 

0 

0,08 

0.19 

0.62 

0389 

1 

1 

1 

1 

6.74 

6.44 

7.15 

1.70 

0.27 

-11.48 

1.68 

270 

1978 

0 

0 

0 

0 

1307 

11.39 

0.81 

I 

I 

1. 

1. 

1 

6.24 

6.03 

6.55 

2.25 

0.34 

-14.08 

2.00 

297 

1979 

0 

' 0 

0 

0.02 

0.06 

0.48 

11.89 

1 

1 

1 

1 

6.06 

5.87 

6.30 

2.32 
0.29 

-14.05 

1.66 

471 

1980 

11 

0 

0.01 

0 

0.13 

0.47 

0.84 

0.84 

I 

1 

I 

1 

1 

6.14 

5.92 

6.42 

1.69 

0.21 

-10.37 

1.20 

440 

1981 

0 

0 

0 

0.07 

0.51 

11.47 

0.87 

I 

I 

I 

I 

0.78 

1 

5.73 

5.42 

6.09 

1.24 

0.15 

-7.12 

0.83 

290 

1982 

II 

0 

0 

0.00 

0.10 

0.48 

0.96 

1 

0.89 

1 

' 1 

I 

1 

6.00 

5.78 

6.23 

2.46 

0.30 

-14.78 

L81 

481 

1983 1984 

. 

Cl 

0 

0 

0.05 

0.56 

0.88 

0.96 

1 

1 

1 

1 

1 

5.98 

5.86 

6.11 

2.48 
0.27 

-14.86 

1.63 

648 

1985 

0 

(I 
0 

0 

0.04 

0.37 

0.93 

1 

1 

I- 

0.99 

1 

1 

6.17 

6.02 

6.33 

2.74 

0.27 

-16.90 

1.66 

8(0 

1986 

U 

0 
0 

0 

11.114 

11.17 

0.56 

1 

I 

1 

1 

1 

1 

6.70 

6.51 

6.90 

2.22 

0.24 

-14.90 

1.60 

606 

1987 

0 

0 

0 

0 

0.11 

0.34 

0.75 

0.87 

0.94 

1 

1 

1 

1 

6.45 

6.23 

6.69 

1.49 

0.15 

-9.62 

0.98 

535 

cont'd:- 

Table 18. 3NO fem'ald cod maturities by age (coned.) 

AGE 1988' 1989 1990 1991 1992 1993 1994 1995 1996 1997 
1 . . 0 0 . . . 0 0 
2 0 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 0 
4 0 0.01 0.03 0.07 0 0.01 0 0 0.07 0.34 
5 0.09 0.20 0.03 0.30 0.35 0.43 0.30 0.44 0.53 0.25 
6 0.28 0.85 0.61 0.4? 0.58 0.48 0.62 0.85 0.98 1 
7 0.511 0.95 0.87 0.84 I 0.97 0.79 0.7 1 1 
8 0.93 0.98 0.85 I I 0.97 1 1 1 1 
9 0.98 1 I 1 1 0.84 1 1 I 1 

10 I 1 1 I 1 I I 1 1 
1 	I. 1 1 1 I 1 1 1 1 1 1 
12 1 1 I 1 1 1 1 
13 1 I I 1 1 1 1 1 1 

A50 6.75 5.59 6.24 5.82 5.59 5.71 5.73 5.19 4.90 4.85 
L 95% 6.47 5.34 5.97 5.51 5.25 5.45 5.42 4.65 4.70 4.56 
U 95% 7.02 5.83 6.51 6.22 5.98 5.97 6.12 5,58 5.12 5.23 

Slope 1.65 2.34 1.69 1.5 2.24 1.82 1.62 1.76 3.21 2.01 
SE 1322 11.28 0.18 0.21 (1.43 0.22 11.27 0.51 0.49 0.30 
Int -11.16 -13.06 -111.56 -8.74 -12.51 -10.41 -9.27 -9.14 -15.74 -9.73 
SE 1.53 1.64 1.14 1.12 2.39 1.27 1.47 2.74 2.39 1.34 

n 409 567 552 379 . 	268 318 188 76 303 233 
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Table 19. Model predicted proportion mature at age for female cod in Divisions 3NO from Canadian spring surveys 

()DIVE 3 4 5 6  7 8 9 III II  12 13 

1959 0.0001 0.01143 0.11616 0.3824 0.8056 0.9657 0.9965 0.9998 1.0000 1.0000 1.111(11(1 

1960 0.0001 0.0043 0.0616 0.3824 0.8056 (1.9657 0.9965 0.9998 1.0000 1.000(1 1.01)00 

1961 0.0001 0.0043 0.0616 0.3824 0.8056 0.9657 0.9965 0.9998 1.0000 1.0000 1.000(1 

1962 0.0001 0.0043 0.0616 0.3824 0.8056 0.9657 0.9965 0.9998 1.0000 1.0000 1.0000 

1963 0.0001 0.0043 0.0616 0.3824 0.8056 0.9657 0.9965 0.9998 1.0000 1.0000 1.0000 

1964 0.0001 0.0043 0.0616 0.3824 0.8056 0.9657 0.9965 0.9998 1.0000 1.0000 1.0000 

1965 0,0001 0.0043 0.0616 0.3824 0.8056 0.9657 0.9965 139998 1.0000 1.0000 1.00(10 

1966 130001 0.0043 0.0616 (1.3824 0.8056 (1.9657 0.9965 0.9998 1.0001) 1.00011 1.00(81 

1967 0.0001 0.0043 0.0616 (1.3824 0.8(156 (1.9657 0.9965 (1.9998 1.0000 1.0000 1.0000 

1968 0.0001 0.0043 0.11616 133824 0.8056 0.9657 0.9965 (1.9998 1.0000 1.001)1) 1.0000 

1969 0,0001 11.0043 0.0616 0.3824 0.81156 139657 (1.9965 139998 1.0000 1.0000 1.0000 

1970 11.1111111 0.0043 11.11616 133824 (1.8056 11.9657 0.9965 0.9998 	- 1.0000 1.0001) 1.0000 

1971 0.0001 0.0043 0.0616 033824 0.8056 11.9657 0.9965 11.9998 1.0001) 1.0000 1.0000 

1972 0.0001 0.0043 0.0616 0.3824 0.8056 0.9657 0.9965 0.9998 1.0000 1.0000 1.1)1)00 

1973 0.0001 0.0043 0.0616 0.3824 0.8056 0.9657 0.9965 0.9998 1.0000 1.0000 1.11000 

1974 0.0001 0.0043 0.0616 0.3824 0.8056 0.9657 0.9965 0.9998 1.0000 1.0000 1.0000 

1975 0.0000 0.0000 0.0230 0.4722 0.9683 . 0.9999 1.0000 1.0000 1.0000 1.0000 1.0001) 

1976 0.0002 0.0075 0.0894 0.3997 0.7985 0.9730 0.9987 1.0000 1.0000 1.0000 1.0000 

1977 0.0002 0.0050 0.0518 (1.2488 0.6069 0.8889 0.9850 0.9991 1.0000 1.0000 1.0000 

1978 0.0000 0.0018 0.0541 0.3821 0.8430 0.9897 0.9999 1.0000 1.0000 1.0000 1.0000 

1979 0.0002 0.0070 0.0896 0.4091 0.8114 0.9770 0.9991 1.0000 1.0000 1.0000 1.00(10 

1980 0.0015 0.0211 0.1347 0.4298 0.7737 0.9534 0.9954 (1.9998 1.0000 1.0000 1.0000 

1981' 0.0318 0.1141 0.2895 0.5378 0.7718 0.9184 0.9796 0.9965 0.9996 1.0000 1.0111111 

1982 0.0001 0.0053 0.0935 0.4665 0.8752 0.9915 0.9999 1.0000 1.0000 1.0000 • 	1.0000 
2 1983 0.0001 0.0053 0.0935 0.4665 0.8752 0.9915 0.9999 1.0000 1.0000 1.0000 1.0000 

1984 0.0000 0.0013 0.0666 0.5010 0.9340 09987 1.0000 1.0000 1.0000 1.0000 1.0000 

1985 0.0000 0.0017 0.0513 0.3702 0.8340 0.9884 0.9998 1.0000 1.0000 1.0000 1.0000 

1986 0.0000 0.0017 0.0327 (1.2258 0.6321 0.9233 0.9941 0.9999 1.0000 1.0000 1.0001) 

1987 0.0012 0.0154 0.1014 (1.3490 0.6907 0.9168 0.9884 0.9992 1.11(1(10 1.00011 1.0000 

1988 0.0003 0.0059 (1.11550 0.2482 0.5940 0.8761 0.9809 0.9986 1.0000 1.0000 1.1)0)1(1 

1989 . 0.0004 (1.1)192 11.2114 (1.6795 11.9586 11.9987 1.0001) 1.0000 1.0000 1.0000 1.0000 

1990 (1.111)11 0.11166 0.1156 11.3960 0.7485 0.9456 0.9944 0.9997 1.0(X))) 1.11000 1.1)1)11)1 

1991 11.11071) 0.0565 0.2381 0.5637 0.8493 0.9717 0.9973 11.9999 1.0000 1.0000 1.0000 

1992 0.0001 0.0128 0.2059 (1.7223 0.9773 0.9997 1.0000 1.11(11)0 1.0000 1.0000 1.0000 

1993 0.0002 0.0147 11.21(66 11.7058 0.9713 0.9994 1.0000 1.0000 1.0000 1.0000 1.000(1 

1994 0.0120 0.0576 0.2356 0.6087 0.8870 0.9754 0.9950 0.9990 0.9998 1.0000 1.0000 
1995 0.0207 (1.1094 0.4168 0.8061 0.9603 0.9930 0.9988 1.0000 1.0000 1.0000 1.0000 
1996 0.0022 0.0520 0.5757 0.9711 0.9988 1.0000 1.0000 1.0000 1.0000 1.0000 1 
1997 0.0239 0.1541 0.5755 0.9098 (1.9869 0.9982 0.9998 1 1 1 1 

I  ()give for 1959 - 74 calculated as the mean of 1975-79 

2  ()give tim• 1983 is the 1982 ogive 
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TABLE 20. Estimated survivors and catchabilities from ADAPT using Canadian 
spring and fall campclen data . 

LN(Q) 	STD ERR REL ERR BIAS 	REL BIAS 
3 	-6.424 	0.4055 	-0.06312 	-0.02787 0.004338 

FALL 	 4 	-6.561 	0.4152 	-0.06328 	-0.02169 0.003306 
5 	-6.834 	0.4044 	-0.05917 	-0.02188 0.003201 
6 	-6.865 	0.4101 	-0.05974 	-0.01877 0.002735 
7 	-7.308 	0.412 	-0.05638 	-0.0151 0.002066 
8 	-7.367 	0.4094 	-0.05557 	-0.0102 0.001385 
9 	-7.582 	0.4071 	-0.05369 -0.004004 0.0005281 

10 	-7.28 	0.407 	-0.05591 0.003186 -0.000438 
11 	-5.65 	0.4487 	-0.07941 	0.01097 -0.001942 

3 	-6.619 	0.2689 	-0.04062 	-0.01204 0.001819 
SPRING 	4 	-7.456 	0.2667 	-0.03577 -0.009582 0.001285 

5 	-8.062 	0.2676 	-0.03319 -0.007989 0.0009909 
6 	-8.288 	0.2681 	-0.03235 -0.008059 0.0009724 
7 	-8.173 	0.2682 	-0.03281 -0.007006 0.0008572 
8 	-8.215 	0.2688 	-0.03272 -0.004797 0.0005839 
9 	-7.73 	0.268 	-0.03467 -0.002771 0.0003584 

10 	-7.46 	0.2678 	-0.0359 0.000107 -1.43E-05 
11 	-7.044 	0.2701 	-0.03835 0.0004799 -6.81E-05 

	

Terminal 	year-class run in June 98 

	

Age 	PAR. STD. ERR. REL. ERR. 	BIAS REL.BIAS 

4 	246 	184 	0.75 	69 	0.28 
5 	 708 	575 	0.81 	229 	0.32 
6 	1777 	1117 	0.63 	332 	0.19 
7 	 151 	102 	0.67 	32 	0.21 
8 	 179 	107 	0.6 	31 	0.17 
9 	 159 	87 	0.55 	24 	0.15 
10 	 68 	36 	0.53 	9 	0.13 
11 	 24 	12 	0.51 	3 	0.12 
12 	 19 	10 	0.53 	2 	0.13 
13 	 0 	0 	0.37 	0 	0 
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Table 21. Estimated bias adjusted popula tion numbers from ADAPT for cod in Divisions 3NO. 
3 4 5 6 7 8 9 10  11 12 ,13 

1959 53221 93006 19268 16254 - 11749 4059 2806 . 3438 2276 337 0 
1960 52468 42029 64404 11223 7912 6091 2076 1617 1983 777 184 
1961 81291 41291 28554 32966 6410 4344 2747 1176 976 822 419 
1962 106639 65822 29840 12916 13365 3441 2060 1489 786 777 453 
1963 77754 86382 50388 22441 9150 7715 2122 1088 831 ,441 442 
1964 111141 63377 65530 31174 14012 5751 2892 701 350 392 175 
1965 160094 85398 37911 36155 18409 9426 3711 1660 281 253 220 
1966 207082 130159 63055 24184 17726 629r 3415 2068 261 85 82 
1967 181104 168864 89979 33969 9278 6940 1208 1167 211 105 19 
1968 99474 130171 82330 28905 11329 3341 1567 776 793 109 45 
1969 119062 66714 55832 24223 7283 3638. 1315 830 476 568 49 
1970 79306 95935 42993 21664 9839 4088 1731 613 418 269 284 
1971 - 83263 63030 60822 25496 9264 4790 1884 932 368 140 140 
1972 61009 67312 27555 22775 10426 4451 1694 1093, 583 211 70 
1973 34417 49887 37342 11581 6713 3303 2134 1131 701 407 107 
1974 35973 19150 16284 17066 4144 3727 1832 1114 707 450 229 
1975 22551 23669 7205 3682 4335 1393 1143 597 312 199 140 
1976 27314 17857 11515 2752 800 851 209 129 84 35 29 
1977 45008 18712 7883 4129 1283 465 483 131 73 57 20 
1978 39909 36301 13095 4184 2037 539 222 208 50 23 24 
1979 17247 31844 25813 8456 2690 1349 350 130 125 33 14 
1980 19586 14055 22623 12884 4427 1411 866 234 91 91 21 
1981 27228 15795 10556 15090 8500 2939 955 626 164 67 63 
1982 21191 21836 11948 7505 10286 5249 1890 609 428 97 43 
1983 34404 17074 16094 8349 5233 7045 2958 1014 310 205 55 
1984 40697 27103 13395 11471 5751 3666 4731 1727 616 181 131 
1985 31809 33267 21287 9695 7301 3611 2354 3047 920 409 110 
1986 8483 25992 24574 11861 5214 3720 2240 1514 2015 519 248 
1987 6283 6807 18698 14350 5797 2912 2194 1332 905 1336 303 
1988 12353 4679 5192 12167 8652 3655 1797 1040 649 385 731 
1989 12235 9863 3544 2881 .  4306 3552 2086 962 471 308 188 
1990 5012 8291 6113 1558 1232 1839 1758 1272 579 235 163 
1991 5102 3147 2778 1174 480 631 861 918 648- 339 118 
1992 13670 3185 1971 1383 475 143 189 202 305 190 98 
1993 5208 7150 1034 866 585 179 60 ' 67 52 113 67 
1994 469 3084 2987 281 282 193 81 26 20 1 45 
1995 3220 177 478 1445 119 148 135 59 21 16 0 
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Table 22. Estimated bias adjusted fishing mortality. from ADAPT for cod in Divisions 3NO. 
3 4 5 6 7 8 9 10 11 12 

1959 0.036 a 167 0.34 0.52 0.457 0.471 0.351 0.35 0.874 0.407 
1960 0.04 0.187 0.47 0.36 0.399 0.596 0.368 0.305 0.681 0.417 
1961 0.011 0.125 0.593 0.703 0.422 0.546 0.412 0.202 0.029 0.396 
1962 0.011 0.067 0.085 0.145 • 0.35 0.283 0.439 0.384 0.378 0.364 
1963 0.004 0.076 0.28 0.271 0.264 0.781 0.908 0.935 0.551 0.722 
1964 0.063 0.314 0.395 0.327 0.196 0.238 0.355 0.714 0.124 0.376 
1965 0.007 0.103 0.25 0.513 0.874 0.815 0.385 1.651 0.994 0.931 
1966 0.004 0.169 0.419 0.758 0.738 1.45 0.874 2.082 0.714 1.286 
1967 0.13 0.518 0.936 0.898 0.821 1.288 0.242 0.186 0.459 0.634 
1968 0.199 0.647 1.023 1.178 0.936 0.733 0.436 0.29 0.133 0.599 
1969 0.016 0.239 0.747 0.701 0.378 0.543 0.563 0.486 0.37 0.492 
1970 0.03 0.256 0.322 0.65 0.52 0.575 0.419 0.31 0.894 0.456 
1971 0.013 0.627 0.782 0.694 0.533 0.839 0.344 0.269 0.354 0.496 
1972 0.001 0.389 0.667 1.022 0.949 0.535 0.205 0.245 0.159 0.483 
1973 0.386 0.92 0.583 0.828 0.388 0.389 0.451 0.269 0.242 0.374 
1974 0.219 0.777 1.287 1.17 0.891 0.982 0.921 1.073 1.068 0.967 
1975 0.033 0.521  0.762 1.327 1.429 1.697 1.98 1.765 2.001 1.718 
1976 0.178 0.618 0.826 0.563 0.342 0.367 0.263 0.377 0.187 0.337 
1977 0.015 0.157 0.433 0.507 0.667 0.538 0.64 0.774 0.952 0.655 
1978 0.026 0.141 0.237 0.242 0.212 0.233 0.337 0.313 0.195 0.274 
1979 0.005 0.142 0.495 0.447 0.446 0.243 0.201 0.155 0.112 0.261 
1980 0.015 0.086 0.205 0.216 0.21 0.19 0.124 0.157 0102 0.17 
1981 0.021 . 0.079 0.141 0.183 0.282 0.242 0.25 0.18 0.321 0.238 
1982 0.016 0.105 0.158 0.161 0.178 0.373 0.423 0.477 0.534 0.363 
1983 0.039 0.043 0.139 0.173 0.156 0.198 0.338 0.298 0.338 0.248 
1984 0.002 0.042 0.123 0.252 0.265 0.243 0.24 0.43 0.21 0.295 
1985 0.002 0.103 0.385 0.42 0.474 0.278 0.241 0.214 0.373 0.302 
1986 0.02 •0.129 0.338 0.516 0.383 0.328 0.319 0.315 0.211 0.336 
1987 0.095 . 	0.071 0.23 0.306 0.261 0.283 0.547 0.52 0.654 0.403 
1988 0.025 0.078 0.389 0.839 0.69 0.361 0.424 0.592 0.544 0.517 
1989 0.189 0.278 0.622 0.649 0.651 0.503 0.295 0.309 0.495 0.439 
1990 0.265 0.894 1.45 0.977 0.47 0.56 0.449 0.474 0.335 0.488 

, 1991 0.271 0.268 0.498 0.704 1.014 1.003 1.251 0.903 1.025 1.04 
1992 0.448 0.925 0.623 0.66 0.774 0.673 0.841 1.161 0.791 0.847 
1993 0.324 0.673 1.102 0.92 0.907 0.599 0.613 1.002 4.429 0.715 
1994 0.775 1.664 0.526 0.663 0.447 0.16 0.115 0.043 0.002 0.165 
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Table23. Beginning of year mean weights at age calculated form the commercial catches for cod in Divisions 3N0. 
3 4 5 6 7 8 9 10 11 12 13 

1959 0.301 0.664 1.001 1.622 2.572 3.129 3.670 4.419 4.843 5.691 6.689 
1960 0.301 0.587 1.012 1.561 2.345 3.092 3.673 4.316 4.957 5.691 6.689 
1961 0.301 0.587 1.012 1.561 2.345 3.092 3.673 4.316 4.957 5.691 6.689 
1962 0.301 0.587 1.012 1.561 2.345 3.092 3.673 4.316 4.957 5.691 6.689 
1963 0.301 0.587 1.012 1.561 2.345 3.092 3.673 4.316 4.957 5.691 6.689 
1964 0.301 0.587 1.012 1.561 2.345 3.092 3.673 4.316 4.957 5.691 6.689 
1965 0.301 0.587 1.012 1.561 2.345 3.092 3.673 4.316 4.957 5.691 6.689 
1966 0.287 0.615' 1.052 1.636 2.482 3.446 4.636 5.532 6.292 7.332 5.192 
1967 0.351 0.657 1.102 1.700 2.600 3.647 5.166 6.982 8.066 9.308 11.266 
1968 0.351 0.657 1.102 1.700 2.600 3.647 5.166 6.982 8.066 9.308 11.266 
1969 0.351 0.657 1.102 1.700 2.600 3.647 5.166 6.982 8.066 9.308 11.266 
1970 0.351 0.657 1.102 1.700 2.600 3.647 5.166 6.982 8.066 9.308 11.266 
1971 0.351 0.657 1.102 1.700 2.600 3.647 5.166 6.982 8.066 9.308 11.266 
1972 0.338 0.682 1.138 1.676 2.487 3.354 5.005 7.100 7.999 9.262 11.321 
1973 0.397 0.735 1.178 1.776 2.748 3.658 4.717 7.542 9.423 10.789 9.530 
1974 0.504 0.645 1,095 1.674 2.503 4.117 5.822 5.842 8.961 9.159 21.369 
1975 0.289 0.611 0.967 1.599 2.481 3.449 5.082 7.024 5.364 7.717 7.308 
1976 0.246 0.588 1.120 1.727 2.631 3.557 5.268 6.952 7.849 8.113 6.196 
1977 0.354 0.707 1.161 1.870 2.860 3.925 5,375 7.666 10.112 10.239 15.236 
1978 0.420 0.774 1.245 1.825 3.046 4.023 5.417 7.200 9.139 12.271 10.721 
1979 0.617 0.840 1.208 1.800 2.541 3.720 4.679 6.653 7.596 9.790 16.919 
1980 0.514 0.822 1.287 1.864 2.777 3.969 5.434 6.618 8.706 10.031 10.189 
1981 0,531 0.950 1.383 2.132 2.979 4.435 6.256 8.522 9.114 10.373 15.330 
1982 0.789 1.026 1.380 2.012 3.210 4.321 6.318 7.921 9.453 10.519 9.794 
1983 0.843 1.049 1.479 1.986 2.891 4,463 5.743 7.779 8.894 10.398 14.503 
1984 0.731 0.989 1.329 2.065 2.828 3.923 5.473 6.128 8.490 10.647 11.385 
1985 0.757 0.824 1.255 1.759 2.722 3.760 5.178 6.923 8.128 9.964 15.959 
1986 0.331 0.696 1.143 1.720 2.675 4.193 6.080 8.063 9.094 9.508 13.029 
1987 0.269 0.566 1.146 1.668 2.498 4.076 6.267 8.435 9.835 11.187 8.726 
1988 0.343 0.700 1.064 1.525 2.020 3.301 4.937 7.067 9.158 10.442 15.180 
1989 0.646 0.847 1.265 1.758 2.419 3.206 5.166 6.523 .8.072 10.714 11.438 
1990 0.362 0.718 .1.190 2.004 2.473 3.679 4.811 7.698 8.786 10.322 14.539 
1991 0.442 0.684 1.267 1.832 3101 3.896 5.583 6.737 10.014 11.396 11.106 
1992 0.506 0.598 0.949 1.692 2.547 4.310 5.560 7.480 8.838 11.295 17.303 
1993 0.215 0.507 0.937 1.397 2.253 3.404 5.336 6.569 8.081 8.655 13.105 
1994 0.318 0.407 0.842 1.483 1.840 3.375 4.506 6.653 5.167 8.130 9.246 
1995 0.326 0.229 0.520 0.983 1.791 1.840 4.836 5.416 8.546 2.290 24.690 
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Table 24. Spawner biomass for cod in Divisions 3NO 
3 4 5 6 7 8 9 10 11 42 13 Ca mpelen 

1959 2 263 1187 10078 24345 12264 10263 15189 11022 1918 0 86531 
1960 2 105 4015 6700 14947 18187 7599 6977 9829 4422 1231 74015 
1961 3 103 1780 19680 12110 12970 10055 5075 4838 4678 2803 74095 
1962 4 165 1860 7711 25249 10274 7541 6425 3896 4422 3030 70577 
1963 3 216 3141 13397 17286 23036 7768 4695 4119 2510 2956 79127 
1964 4 158 4085 18611 26471 17172 10586 3025 1735 2231 1171 85249 
1965 6 213 2364 21584 34778 28145 13584 7163 1393 1440 1472 112141 
1966 7 341 4085 15125 35449 20933 15777 11439 1642 623 426 105847 
1967 8 473 6108 22078 19437 24445 6219. 8147 1702 977 214 89807 
1968 4 364 5588 18786 23734 11768 8068 5417 6396 1015 507 81648 
1969 5 187 3790 15743 15258 12814 6770 5794 3839 5287 552 70040 
1970 3 269 2918 14080 20613 14399 8912 4279 3372 2504 3200 74548 
1971 4 176 4128 16571 19408 16872 9700 6506 2968 1303 1577 79214 
1972 2 196 1932 14593 20888 14417 8449 7758 4663 1954 792 75646 
1973 2 156 2708 7864 14860 11668 10031 8528 6606 4391 1020 67835 
1974 2 53 1098 10925 8355 14819 10628 6506 6336 4122 4894 67738 
1975 0 0 160 2780 10413 4804 5809 4193 1674 1536 1023 32392 
1976 1 79 1153 1900 1681 2946 1099 897 659 284 180 10878 
1977 3 66 474 '1921 2227 1622 2557 1003 738 584 305 11501 
1978 0 51 882 2917 5230 ,2146 1202 1498 457 282 257 14922 
1979 2 187 2794 6226 5547 4903 1636 865 949 323 237 23670 
1980 15 244 3922 10323 9512 5340 4684 1548 792 913 214 37506 
1981 460 1711 4227 17303 19544 11970 5853 5316 1494 695 966 69540 
1982 2 119 1542 7044 28895 22489 11941 4824 4046 1020 421 82343 
1983 3 95 2226 7736 13242 31173 16986 7888 2757 2132 798 85035 
1984 0 35 1186 11867 15188 14363 25892 11620 5230 1927 1491 88798 
1985 0 47 1371 6315 16575 13419 12186 21093 7478 4075 1755 84314 
1986 0 31 919 4607 8815 14402 13539 12206 18324 4935 3231 81009 
1987 2 59 2173 8353 10004 10881 13591 11227 8901 14946 2644 82779 
1988 1 19 304 4607 10382 10570 8702 7340 5943 4020 11096 62984 
1989 3 160 948 3442 9986 11374 10777 6275 3802 3300 2150 52218 
1990 2 99 841 1236 2280 6398 8410 9789 5087 2426 2370 38938 
1991 16 122 838 1213 1264 2389 4794 6184 6489 3863 1310 28482 
1992 1 24 385 1690 1182 616 1051 1511 2696 2146 1696 12998 
1993 0 53 200 854 1280 609 320 440 420 978 878 6033 
1994 2 72 593 254 460 635 363 173 103 8 416 3080 
1995 22 4 104 1145 205 270 652 320 179 37 0 2937 
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Fig 1. Landings of Cod in NAFO Divisions 3NO from 1953-1996. 
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Fig 6. Spring and autumn Canadian RV estimates of 1+ mean numberttow of cod in Divisions 3NO 



- 32 - 

 

- t-10 
- 0- 
-IF 

-e-7 
- 0-6 

w -4 
-0-3 
-6-2 
-0-1 

 

1970 	1974 	1978 	1982 	1988 
	

1990 
	

1994 

Year 

Fig. 7 Mean length at ages 1 -10 of cod in Divisions 3N and 30 combined 
in 1973-1997, as determined from catches and sampling during bottom-bawl 
surveys in spring. 
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3N0 cod - Multiplicative model estimates of relative 
yearclass strength from Canadian spring and fell RV 
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Fig. 9 . Relative yearclass strength estimated by fitting a multiplicative model to 
Canadian spring and fall research vessel survey catch at age for ages 1 to 14. Zero or 

missing values were replace with 0.007. 'Estimates are not bias- orrected. 
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3N0 cod - Estimates of total mortality for ages 2 to 12 
from spring RV surveys 

3NO cod - Estimates of total mortality for ages 2 to 
12 from spring RV surveys 
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Fig. 10 . Estimates of total mortality (Z) from the spring and fall research vessel surveys 
in Divisions 3N0. Z's are calculated as log(RVa +1,y +1/RVa,y) plotted for age a 
alongside year y. For ages that are not fully recruited to the Campelen survey, the 
Z is relative. For fully recruited ages the Z can be considered absolute. Z's > 0 
represent an increase rather than a decrease, a consequence of year effects in the 
survey or changes in selectivity with age. 
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Comparison of stock-recruit models 3NO Cod 
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Fig. 12 . Comparison of alternative stock-recruit relationships fitted to the ADAPT estimates 
of spawner biomass and recruitment. The curve demarcated by "+" Is the Beverton and Holt 
fit given in Cook (1998). The broken line Is a Cauchy smoother of mean recruitment with the 
shape parameter selected by minimizing the cross-validated sums of squares (shape parameter =7,648 t) 
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Precautionary Plots.- 3N0 Cod - ADAPT to 1995 
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Fig. 13. Precuationery plots based on estimates of population size from an ADAPT fitted up to 1995. 
Weights, maturities and partial recruitment are recent values. The stock-recruit function is fit using a Cauchy 
smoother with the shape parameter selected by minimizing the cross-validated prediction sums of squares. 
Recruitment at spawner biomass above 120,000 t is assumed to be fixed at 1E9. 
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