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ABSTRACT

Stratification by depth zone and by individual strata were compared as to
their effect on cod abundance estimates from research surveys in NAFO
Subdiv. 3Ps. Stratification by depth zone was proposed as a means of providing
popu]ation estimates for surveys where coverage was incomplete and when catches
were highly variable. Combining strata within depth zones effectively
increased the number of sets in the new strata and generally reduced the
variances associated with the abundance estimates. Estimates of mean numbers

per tow from both methods followed similar patterns.

RESUME

On a comparé la stratification par zone bathymétrique et par strate
individuelle quant aux effets sur les estimations d'abondance de 1a morue des
relevés par navires de recherche dans la subdiv. 3Ps de 1'OPANO. La
stratification par zone bathymétrique a été suggérée comme moyen d'obtenir des
estimations de population dans les relevés ol la couverture avait &té incompléte
et ]es prises trés variables. Une combinaison des strates et des zones
bathymétriques augmente effectivement le nombre de traits dé.cha1ut dans le
nouvelles strates et réduit en général la variance associée aux estimations
d'abondance. Les estimations des nombres de poisson par trait par les deux

méthodes ont généralement les mémes caractéristiques.



INTRODUCTION

In recent cod stock assessments catch information from stratified-random
research vessel surveys, in terms” of mean number per standard tow plus biomass
estimates, have been used to provide indices of changes in stock status. With
adequate sampling, the data obtained from stratification by individual strata
should provide reasonably good estimates of population numbers and bicmass
within acceptable confidence limits. The results from most surveys and strata
have supported this but there have been surveys where coverage in terms of tows
per strata has been minimal (2) or whole strata omitted, and those where the
variation between catches has been large enough to produce wide confidence
limits. One attempt to reduce this variation has been to combine the data by
depth zone. This effectively increases the number of sets per 'strata' and
provides estimates for surveys when some strata have been omitted. This paper
presents a comparison of data obtained for cod from research vessel surveys in
Subdivision 3Ps when the data are stratified by individual strata and with

strata combined by depth zone.

DATA

The stratification scheme for Subdivision 3Ps is shown in Fig. 1. Surveys
have been conducted since 1972 with the results in terms of cod biomass per
stratum being shown in Table 1. Tables 2 and 3 show the mean numbers per

standard tow at age using the two stratification options (by individual strata



and by depth zone) along with the associated means and confidence limits.
Similarly Fig. 2 compares the mean numbers per tow for all ages for the same
two stratification options. The trends in mean number per tow for both options
followed a similar pattern with those for depth stratification having a higher
value than by individual strata with the exception of that shown for 1979. The
confidence limits about the means as shown in Tables 2 and 3 were fairly

consistent for years other than 1979 and 1981 (Table 2).

To provide an equivalent comparison between the two stratification
options, an index termed the 'Relative Spread' (Upper confidence 1limit-lower
1imit/mean) was used. Table 4 and Fig. 3 show the data used and the results
obtained. For both stratification options this index fluctuated about the
value of 1.0 except for the high values observed for the stratification by the
individual strata option in 1979 and 1981. wheﬁ comparing the data shown in
Fig. 2 it can be seen that the high 'Relative Spread' value for 1979 coincided

with the reversal of trend value for mean number per tow shown in 1979.

Fig. 2b would suggest that there are considerable differences in the
variances associated with the results obtained from the two stratification
options for the years 1979 and 1981. A breakdown of the 1981 data is shown in
Table 5. It can be seen that the number of sets per stratum were minimal for
most strata. The variances were always higher for the depth zones when these
were obtained cumulatively by individual strata as opposed to stratification by

depth zone.



Tables 6 to 9 provide a detailed look at frequencies of weight caught by
indicated weight category for each set and depth range for the survey conducted
during 1983. This survey had the best coverage in terms of total number of
sets per survey and total sets per stratum. It is apparent that the majority
of catches were small (0-10kg) for all depth strata as well
as for most individué} strata. As such any data bias or distortion that might

occur as a result of combining strata by depth zone should be minimal.

The relationships of mean numbers per tow from both stratification schemes
to cohort population numbers (Bishop and Gavaris, 1983) are shown in Table 10 and
Fig. 3. While the relationship using depth zone strata was only marginally
better than that by individual strata, it is obviously not significant for
both. As seen from Fig. 3, exclusion of the 1981 value would be very

detrimental to an already poor regression relationship.

DISCUSSION

The stratification design in which biomass and numbers are calculated for
individual strata should provide reliable estimates if the number of tows is
sufficiently large to counteract the effect of wide variation in catch sizes.
As stated previously this has not always been possible mainly because of time
constraints. Strata have received minimum or no coverage and in some instances
(ie. 1979 and 81) the highly variable catches within strata have produced very

wide confidence 1imits about the means. Combining strata by depth zone



increases the number of sets for the 'strata' and generally reduces the
variances associated with the estimates. With the data presented statistical
confidence was improved after stratifying by depth zone although the mean

values obtained for both methods followed similar patterns.
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Table 2. Mean number of cod per tow from research vessel surveys in
Subdivision 3Ps (stratification by individual strata) from the depth range
57-366 m.

Age 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983
1 .05 .04 1.26 .66 0.27 0.01 0.00 1.47 0.26 0.05 0.82 0.39
2 1.18  1.74 3.59 1.33 3.81 .34 0.53 0.61 7.23 0.88 1.98 0.75
3 2.09 1.96 3.42 3.75 2.13 4.38 0.79 0.89 2.14 4.63 .87 1.52
4 4.29 2.66 2.30 3.41 3.63 3.84 2.97 8.24 1.05 8.17 6.50 0.80
5 2.87 3.03 2.93 2.10 2.18 3.52 1.30 19.77 2.79 8.04 3.33 4.34
6 1.92 .86 2.88 1.94 1.08 1.04 .94 3.12 2.39 7.41 1.59 2.12
7 2.5 1.8 .82 1.74 .69 .27 .68 1.04 .53 6.01 2.08 0.66
8 1.51 .70 .70 .65 .67 .22 .47 .55 .55 1.09 2.12 1.17
9 .63 95 .54 .43 17 .34 .28 .22 .18 1.17 .57 2.14
10 .37 22 .28 .26 .09 .2 .26 .9 .7 .30 .12 .90
11 .16 06 .09 .09 .08 .02 .09 .04 .M .08 .09 .38
12 .09 .06 .07 .04 .0 .05 .03 .02 .16 .0 .04 .13
13 .05 .01 .05 .05 .00 .05 .04 .02 .07 .14 .02 .05
14 .10 .03 .05 .00 .00 .02 .00 .03 .00 .07 .07 .04
14+ .47 17 .08 .05 .10 .05 .13 08 .07 .09 .1
Total 18.35 14.31 19.05 16.50 15.00 14.28 8.51 36.21 17.72 38.21 20.23 15.51
Confidence

Limits

Upper 28.62 25.67 25.02 23.38 23.26 19.81 12.44 319.07 23.82 256.23 27.45 21.94
Lower 8.08 2.96 13.08 9.61 6.73 8.75 4.59-246.66 11.61-179.80 13.01 9.09
Sets 42 53 78 56 64 94 41 74 63 46 70 1N
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Table 3.

Mean number of cod per tow from research vessel surveys in
Subdivision 3Ps (stratification by depth zone - 57 to 366m).

Age 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983
1 .06 .12 1.00 .84 .31 .02 .00 2.69 .24 06 1.15 .43
2 1.64 3.34 5.11 1.53 4.85 .36 J7 1.26 8.94 1.23  2.47 .78
3 3.20 2.48 4.30 4.35 2.90 3.92 70 1.19 2.92 6.29 1.13 1.58
4 5.16 3.57 3.25 4.29 4.35 3.59 3.28 5.35 1.15 7.02 8.03 .94
5 2.89 3.40 4.07 2.49 1.93 4.23 1.85 14.01 3.11 7.4 4.1 5.16
6 1.88 .93 3.98 2.25 .76 1.24 1.20 3.64 2.73 8.93 1.92 2.50
7 2.62 1.91 1.15 1.95 .48 .32 .84 1.65 .62 8.62 2.43 .73
8 1.50 .75 W91 .67 .49 27 .63 .89 64 1.79 2.45 1.30
9 .69 1.02 .71 .49 .15 .38 .32 .36 21 1.95 .67 2.34
10 .44 27 .35 .30 .08 .15 .34 .30 .19 .52 .15 .99
1 .20 .10 .10 .1 .09 .03 .15 .08 .14 14 .09 .43
12 .11 .07 .07 .03 .05 .06 .06 .05 A7 .19 .04 .15
13 .07 .01 .05 07 .00 .09 .05 .05 .07 .15 .02 .05
14 .14 .03 .10 .00 .00 .02 .00 .06 .00 .12 .02 .05
14+ .55 .26 .14 06 .10 .08 .16 .07 .16 .08 .11
Total 21.16 18.28 25.31 19.43 16.51 14.77 10.36 31.56 21.19 44.57 24.72 17.57
Lontidence

Limits

Upper 33.40 28.95 33.49 30.82 22.29 19.77 14.76 51.51 30.15 78.5 33.22 25.86
Lower 8.92 7.61 17.13 8.05 10.74 9.77 5.96 11.60 12.24 10.64 16.22 9.28
Sets 42 53 78 56 64 94 41 74 63 46 70 M
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Table 4. Camparison of stratification by individual strata and depth zone for mean number per tow with

associated confidence limits and 'relative spread' for cod in Subdivision 3Ps.

|

1=A11 strata (31-200 ftm)
2=Strata by depth zone (31-50; 51-100; 101-150; 151-200)

Relative spread=Upper 1imit-Lower 1imit
mean

Strata

Option 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 19 198
Mean 1 18.35 14.31 19.05 16.50 15.00 14.28 8.51 36.21 17.722 38.21 20.23 15.51

2 21,6 18.28 265.31 19.43 16.51 14.77 10.36 31.56 21.19 44.57 24.72 17.57
Upper 1 28.62 25.67 25.2 23.38 23.26 19.81 12.44 319.07 23.82 266.23 27.45 21.%4
Hmit 2 3.4 895 B4 N.&L 229 19.77 14.76 51.51 X015 7850 33.22 5.86
Lower 1 8.08 2.9 13.88 9.61 6.3 8.75 4.9 -246.66 11.61-179.80 13.01 9.9
limit 2 892 7.61 1733 8.05 10.74 9.77 596 11.60 12.24 10.64 16.22 9.28
Relative 1 1.06 1.8 0.6 8 1.0 J7 092 15.& 0.8 1.4 071 0.8
spread 2 .06 1177 065 1.7 0720 0.68 085 1.26 0.8 1.52 0.69 0.94
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Table 5. Details of cod catches fram a stratified randam survey in Subdivision 3Ps in 1981.

Number of Nunbers caught Number of Numbers Caught
sets Variance Sets Variance Range
31-50 308 2 4.50 47
%}% % 24.50 1'% 12 8.45 0-8
4.50 ’
¥ 5 5 1
3% 2 - 0
Total 12 35.50
51-100 §7 % 39132.83 V‘ﬂ%
o 5 mz&%ﬁg% 351'75 13 18527.16  1-401
%%2 % 2.0 % )
%%Z 2 0.50  1-2
Total 13 9949423
01-150 3 1850.33 43-128
1 %é % 392’49 ol 1%
313 2 20. ??-25 11 1785.85  0-128
3 A
1 3127.82
- 2 12.50 65-70
151-200 % 2 98.00 . 0-14
707 - - - 10 746.45 0-70
715 2 60.50 314
716 i . 2-51
Total 10 .
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Table 6. Frequencies of cod catches by strata fram the depth zone 57-91 m (31-50fm) fram the A. Needler trip #
9 in Subdivision 3Ps in 1983

57-91m
308 312 315 321 25 K7, TOTAL

weight caught (kg.)

0-10 5 4 15

11-20 1 2 1 6

21-30 1 1 1 3

3140 1 1 1 1 4
. 4-50 1 1

51-60 1 1

61-70 1 1

71-80

81-90

91-100 1 » 1

greater than 100 1 1 1 3
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Table 7. Frequencies of cod catches by strata fran the depth zone 92-183m (51-100 fm) fram the A. Needler Trip
# 9 in Subdivision 3Ps in 1983.

92-183m

307 3 317 319 32 323 324 TOTAL
Weight caught (kg)
0-10 5 3 4 2 14
N-20 1 1 1 1 4
21-30 2 1 1 1 5
31-40 1 1
41-50 1 3 1 5
51-60 1 1 2
61-70
71-80 1 1
81-90 2 2
91-100
greater than 100 1 2 1 4

TOTAL 4 3 3 7 N 6 4 3B
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Table 8. Frequencies of cod catches by strata from the depth zone 184-274 m (101-150 fm) fram the A, Needler
Trip # 9 in Subdivision 3Ps in 1983.

184-274m
306 M 310 313 316 318 TOTAL

Weight caught (kg)

0-10 1 2 2 2 3 10
11-20 1 1 1 3
21-30 2 1

3140 1 1

41-50

51-60

61-70

7-80 1 : 1
81-90

91-100

greater than 100 1 1

TOTAL 4 3 3 3 4 3 20
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Table 9. Frequencies of cod catches by stratum fram the depth zone 275-366m (151-200 fm) fram the A. Needler,
Trip # 9 in Subdivision 3Ps in 1983.

275-366m
705 706 7 715 716 Total

Weight caught (kg)

0-10 3 5 3 1 4 16
n-20 1 1
21-30
3140

471-50

51-60

61-70

71-80 _

81-%0 1 1
91-100

greater than 100

TOTAL 3 5 3 3 4 18
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Table 10, Relationship of mean numbers per tow fram two stratification methods to cohort numbers for
subdivision 3Ps cod.

Mean nurber per tow Cohort
Year -Age 3+ #'s
(By strata) (By depth zone) Age 3+ (X]O's)

1972 17.12 19.46 140.6

1973 12.53 14.82 125.4

1974 14.20 19.20 117.6
1975 14.51 17.06 125.2

1976 10.92 11.35 136.6

1977 13.93 14.39 162.1

1978 7.98 9.59 149.7

1979 34.13 27.61 127.8 .

1980 10.23 12.01 122.8

1981 . 31.2% 43.28 169.7

<1982 17.43 21.16 135.0

1983 14.37 16.36

2 12 16

Int. 127.15 123.9

Slope .60 71

Pred. cohort age 3+ 135.75 135.5
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