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Introduction 

Biologists of the Woods Hole Biological Laboratory, U. S. Bureau of Com­
mercial Fisheries, and the St. Andrews Biological Station, Fisheries 
Research Board of Canada, initiated in 1956 a cooperative study of the 
haddock fishery off southern Nova Scotia, ICNAF Division 4x. Although 
investigations of this fishery had been conducted in previous years by each 
of the countries, the studies had neither been strongly ernphasized l nor 
closely coordinated. The joint nature of the fisherYI the landings of U. S. 
and Canada being nearly equal during the period under study, and the 
differential distribution of fishery effort of the two countries in seasons 
and areaS made desirable a coordinated study. Primary emphasis was 
placed on the ,:!ollection of statistics of landings and effort~ and of sam­
ples of length and age frequencies of the landings. 

This paper is a preliminary analysis of the o.1.ta .collected in the years 1 P57-
1961. The renults presented herein will provide a gross description of 
the commercially exploited stocks e A more refined analysis is now being 
made and a report for publication is being prepared. 

Landings 

A historical summary of landings from ICNAF Division 4x is published 
in the statistical bulletins of the I-C-N-A-F. A quarterly summary of 
landings by type of gear and sampling area :.." for the years 1957 through 
1961 (Table 1 and Figure 1) has been provided for reference to this anal­
ysis. 

1/ Prepared for meeting of U. S. and Canadian biologists in St. Andrews,,. 
- N. B. I December 1962. -

* For purposes of sampling; division 4x was divided into two areas .. 
Sampling area 1 includes subareas Q, R, 81 and T. Sampling area 
2 includes subareas lVI, N, 0, and P. 
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Table 1. - -Landings in hundreds of pounds of haddock caught in Division 4x by 
quarter, sampling area, and type of gear, 1957 - 1961_ U. S. and 

Canadian landings are combined. 

LINE TRAWL OTrrERTRAWL TOTAL 

Year Qtr. 41 42 Total 41 42 Total 

1957 1 3223 25172 20395 3861 37565 41426 69821 
2 8454 18526 26980 1144'7 97367 108814 135794 
3 8628 35583 4~"211 29585 771 30356 7 <W6'l 
4 2585 16288 18873 20427 2308 22735 4160B 

Totals 228UO 95569 118459 65320 138011 203331 32,179,0 

1958 1 4958 22207 27165. 14313 99439 100875 12fW40 
2 6858 21241 28099 16000 120140 136140 164239 
3 83aa 13540 ·21878 36033 5453 41486 68364 
4 5907 21216 2'7123 2030~2 . 3662 23964 51087 

Totals 26061 78204 104265 7377:1 228694 302465 4Qfl73,O 

1959 1 3636 148£13 18479 201'~ 30878 32892 51371 
2 4957 28865 34822 1322? 58241 71466 10()288 
3 5246. 27782 33028 45933 4124 50057 8::1085 
4 5963 13373 19336 1817,1: 2517 20691 40027 

Totals 19802 85863 105665 79346 95760 175106 280771 

1960 1 2021 13496 15517 132,1 83641 84965 100482 
2 1419 19688 21107 18961 66650 85614 106721 
3 4224 21102 25326 45834 1671 47505 72831 
4 4174 9874 14048 14263 1765 16028 30076 

Totals 11838 64160 75998 80385 1537~7 234112 310110 

1961 1 3025 14294 17319 2083 83385 85468 102787 
2 3298 12394 15692 14733 83853 98591 114283 
3 3371 27510 30881 47 37:~ 5358 52730 83611 
4 4477 12248 16725 1693:t 892 .17823 34;548 

Totals 14171 66446 80617 811.2'1 173488 254612 335229 

GRAND 
TOTAL 94762 390242 485004 379946 789680 1169626 1654630 
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La.ndings by line travvlers; exe1usively Canadian3 have gradually declined 
from 11.8 million pounds in 195'7 to 8. 1 million pounds in 1961. Most of 
the landirlgs come from s8.mpling area 42 and are greatest in the second 
or third quarter of the year. 

Annual landings by otter trawlers, predominately U. S. ~ have fluctuated 
between 1'7. 5 and 30. 2 million pounds l with no signi.ficant trend through 
the years under study. Landings from sampling area 42 Ci.!'e about twice 
as great as tho,se from sampling area 41. Landings from sampling area 
41 are consistently highest in the third quarter, an.d are practically nil 
in the first qu,u'ter. Landings from sampling area 42 are highest in the 
first or second quarter, and relatively very low in the third or fourth 
quarter. 

Needless to say, the seasonal and geographical variations in catches have 
led to some vagaries in samplingl and complicate the analysis" 

Sample Data 

All ages arc based on otolith. readings by l\Tcrman McFarla.ne, St. Andrews", 
and John McDermott>v-voods Hole.· Out of 675 comparative readings be­
tween these readers there were 137 (200/0) disrgreements. Of theseJ 

McFarlane was higher and lower than McDermott in 9 and 11 % of the cases 
respectively. Most of the discrepancies invl)lved a difference of only one 
year. It was concluded that the observed differences between the two 
readers were of small consequence in the analyp~~~, 

For purposes of ageing~ subsamples were taJ.{en froin the age samples col­
lected in 1957-1961 according to the following scheme. A maximum of 
five individual samples (each sample taken from one trip) were randomly 
selected. from each sampling stratum in each quarter; there were 12 pos­
sible sampling strata formed by the two sampling areas (41 and 42)3 two 
types of gear (Hne and otter trawl) and three market categories (ungraded,r 
large and scrod). In nearly all cases however~ there were less than five 
trip-samples per stratum so that practically all samples we11 e included. 
For otter trawl landings in sampling area 42 during spring months" up to 
10 trips were selected at random in the scrod and large market categories 
when that many were available. -

Within each selected sample in each stratum a maximum of 50 fish were 
aged. If more than 50 fish were available a?stratified (by length) sub­
sample of 50 was drawn. 

Analysis of the 4x age-length composition was confined Chiefly to otter 
trawl landings from sampling area 42 (4xJ MNOP) in spring months, be­
cause this was the only category with sufficient sampling of major market 
categories at one season and in all five years.. Furthermore these were 
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the only strda with data on fishing effort readily 8.vai1(),ble to us. Sampl­
ing of line trawl'landings, and otter travvJ. landings in other seasons and 
areas, was sparse or i.rregular throughout the year and between years. 

Seasonal fluctuation of sampling corresponded in general with the seasonal 
variation in landings for otter trawls (Table 2). Unfortunately. sampling 
of landings of otter trawls in area 41 was insufficient to permit meaningful 
quarterly comparisons even between any two years~ 

Line trawl landings were more stable throughout the year with the major 
portion coming fro~ area 420 Only a few samples of line trawl landings 
v{ere taken from landings from area 42 (Table 2). Samples usually were 
not taken from all market categories in anyone month1and again even 
quarterly comparisons were not feasible because of irregular coverage 
between years. 

Although more of the data might be utilized infut1,1r~ studies by appropriate 
pooling procedures, it is questionalJle whether the results would be suffi­
ciently reliable under the present level and ciistribution of sampling. 

Methods of handling d~ta 

For the basic computations, data for each type of gear iti each month and 
sarnpling area were treated independently. 

Estimation of numbers of fish landed, mean length and weight~ etc." was 
based on the fonowing procedure. Percentage length and age frequencies 
were computed by one centimeter intervals for each market category in 
which sample data was available. The mean weight ( in lbs o ) pel' fish was 
estimated using length-weight data of Clark and Dietsch (ICNAF Annual 
Report,,1959). Total numbers landed were computed by dividing the total 
weight landed by the mean weight per fish. Numbers landed at each length 
were then estimated by multiplying the respective pel'centage length fre­
quencies by the total numbers landed. Numbers landed at each age within 
length were then estimated by multiplying the corresponding age frequencies 
by the number landed of each length. 

In some instances" particularly at the smaller and larger length classes" 
there were no otoliths taken from, fish of a given centimeter length class. 
In this analysis, these discrepancies were ignored .. and as a consequence, 
a bias in subsequent estimation of average length and age composition 
has been introduced in the lowest and highest age groups. Although in 
most cases this is not serious~ some procedure for supplying the missing 
estimates should be devised for the further analySis. 



Table 2. --Lengt.1-r and age samples of haddock caught by otter trawls from. subareas MNOP (sampli~g area 42) of Division 4x, by ma!"kct cc.~'-
gory, month and year. Also shown are total quarterly bndings (in hund!"ecis of pounds) and landings by ma!"ket category 

1957 1958 1959 1960 IS}:,. 

Samples Samples Samples Samples Samplei' 
lVI1."t. N0., r--To. Land- No. 1'10. Land- No. No. Land- No. No. Land- r-..~L, Land·· 

Qtr. ~~!o. Cat, lengths ages iugs lengths ages ings lengths ages ings lengths ages ings lengths ag0s iugs 

01 0 0 0 0 0 0 
1 1593 3027 1270 300 686 
2 1481 56 15 3602 870 325 9 745 

02 0 0 0 256 0 0 
1 1 191 7123 186 40 S908 211 39 2625 100 20 S115' 509 80 14095 

2. 102 15 5233 203 60 8695 117 27 2316 51 15 7703 215 45 16435 
03 0 0 1019 28 240 220 

1 510 60 12439 1479 153 39514 294 59 13446 671 157 33748 976 179 23326 
2 470 SO 9696 468 73 34674 162 45 10067 680 150 33210 564 150 27877 

37565 99439 30878 83641 83385 

04 0 209 10 90 369 0 0 143 
1 1215 136 45016 867 54iJO 716 139 22465 668 59 22037 904 160 25008 
2 696 109 33525 457 48912 330 74 19937 346 30 23475 334 90 38788 

05 0 0 81 19 33 81 
2 1 110 20 6552 5369 102 20 4491 314 58 8654 220 40 5934 

2 4175 5201 111 30 4211 56 15 7320 8010 
06 0 0 94 0 39 26 78 

1 1554 106 2801 513 120 3836 203 20 2689 2779 
2 1455 98 3217 215 85 3243 57 15 2416 2031 

-----
97367 120140 58241 66650 83853 



Table 2. --Length and age samples of haddock caught by otter trawls from subareas MNOP (sampling area 42) of Division .I},Y, by ma::-l:?t C2:~' 
gory, month a.'1d year. Also shown are total quarterly landings (in hu..71dreds of pounds) and la.""ldings by market category. (ccnt'':.) 

--... -._--
Qtr. Mo 1957 1958 1959 1960 l~'u::_ 

Samples Samples Samples Samples Sample::--
JVL~t. No. No, Land- No, No, Land- -No, No. Land- No. No, Land ... No. l-Io. Land-

Qtr. ]\1'0, Cat, lengths ages ings lengihs ag.es ings lengths ages ings lengths ages ings lengths ages ings 

07 0 0 0 27 59 32 
1 63 1344 96 20 1087 425 101 1202 
2 79 3128 63 15 1701 674 1844 

03 0 0 0 86 15 56 
3 1- 3 186 364 201 118 435 

2 2 351 652 286 52 855 
09 0 0 15 12 0 0 

1 204 213 102 8 213 
2 420 216 93 3 571 

771 5453 4124 1671 5358 

10 0 0 0 0 '" "x. 0 
1 387 46 112 241 76 
2 404 62 133 357 207 

11 -0 0 47 0 0 0 
4 1 560 587 719 475 2 

2 515 55 397 764 418 48 
1.2 0 0 0 0 0 125 

1 302 1150 llO 434 135 259 
2 140 66 15 1363 355 92 174 

2308 3662 2517 1765 CJ2 



Table 2. --(cont'd) Otter trawl, subareas QRS (sampling area 41) (in hundreds of pounds) 

1957 1958 1959 1960 18'0 i 

Samples Samples Samples Samples Sample, 
IVIkt. No. Uo. Land- No. No. Land- No, No. Land- No. No. Land- NQ.-=-K-:;. lzr.d-

Qtr. ~,10. Cat. lengths ages ings lengths ages ings lengths ages ings lengths ages ings lengths ages ings 

01 0 257 558 415 66 l19 
1 703 268 348 20 32 
2 529 66 59 0 22 

02 0 141 202 37 21 20 130 
1 1 306 0 96 0 532 

2 190 25 0 45 0 2 ,'" V~ 
03 0 145 507 545 827 354 

1 921 0 306 45 20 321 393 
2 669 0 179 70 203 

3861 1436 2014 1324 2083 

04 0 170 170 595 1993 1056 
1 141 606 1172 557 313 
2 113 128 555 195 188 

05 0 96 3710 307 5726 4461 
2 1 1777 40 8 663 3298 1111 339 

2 587 230 25 403 1357 565 497 
06 0 7832 5261 1600 94 1135 1800 267 6246 477 

1 63 322 57 10 3781 110 3105 1708 ~8S5 

2 50 14 409 362 25 1273 350 1701 848 2521 

11447 16000 13225 18964 1';'':'33 



Table 2. -- Otter trawl. subareas Q:aS (sampling area 41) (in hundreds of pounos). (cont'd). 

1957 1958 1959 1960 19G1 

Samples Samples Samples Samples Samples 
;Vlkt,. No. No. Land- No. No. Land- No. No. Land- No. No. Land- No. :No. Land-

~tr. IVfo. Cat. lengths ages ings lengths ages ings lengths ages ings lengths ages ings lengths ages ings 

07 0 1295 2372 195 5760 7561 8425 2500 268 6685 
1 3851 415 46 2772 296 4161 111 1563 100 20 1906 
2 2042 340 25 217 1273 114 15 573 50 15 1016 

08 0 0 7223 297 61 8090 12093 209 40 13377 
3 1 6345 3953 4439 75 20 2631 3548 

2 2268 921 82 19S7 50 15 1013 2376 
09 0 236 2400 205 8969 1000 162 7663. 200 40 8401 108 40 10036 

1 482 IOOll 70 4182 320 6385 6583 422 59 4679 
2 385 33 3537 130 1536 161 3874 237 4552 160 4.5 37,,9 

29585 35533 45933 45834 47372 

10 0 0 5083 1100 210 4455 3279 7085 
1 8177 482 10 4558 4054 1397 100 20 701 
2 1856 162 18 3765 267 2004 770 150 26 932 

11 0 419 189 1819 173 35 3317 3483 150 43 5491-
·1 1 100 4899 100 20 1892 109 1695 194 2715 561 

2 50 35 2248 59 14 1403 113 1218 1120 145 
12 0 13 605 350 3000 472 1075 1322 

I 1988 704 200 550 304 164 
2 1057 473 100 531 120 30 

20427 20302 18174 14263 13931 



Table 2. --(cont'd) Line trawl, subareas MNOP (sampling area 42) (in hundreds of pounds) 

1957 1958 1959 1960 10 <' 

Samples Samples Samples Samples Sample;' 
M:,,:t. No. No. Land- No. No. Land- No. No. Land- No. No. Land- N~i0. Land-

G:rtr. Mo. Cat. lengths ages ings lengths ages ings lengths ages ings leng+~1)s ages ings lengths ages ings 

01 0 1533 780 2732 400 42 4827 1489 
1 3590 1200 3014 2597 0 625 105 1902 
2 374 70 14 164 96 0 125 15 101 

02 0 2392 1410 1997 1829 2050 
1 1 185 35 6660 4990 799 1790 3574 4159 

2 15 4 562 313 165 88 187 256 
03 0 2333 3014 1359 356 2285 

1 738 151 7155- 370 52 7724 4018 2588 1862 
2 60 10 568 3;) 798 166 135 130 

Total quarter landings 25172 22207 14843 13496 14294 

04 0 2098 1018 1580 362 -- 4801 
1 6167 5936 300 50 8331 200 37 5828 1639 
2 632 350 32 5 365 30 10 180 87 

05 0 1609 2411 3167 4558 837 
2 1 1172 270 50 1213 1865 570 116 3605 1167 

2 107 50 10 103 83 30 6 130 117 
06 0 5164 9361 13907 4709 200 -.- 3607 

1 1511 920 99 761 540 300 50 310 131 
2 66 75 15 83 27 100 20 6 8 

Total quarter landings 18526 21241 29865 19688 1 t)'10" 
-~," . ...,':: 



Table 2, --(cont'd) Line" traiil, subareas iVINOP (sampling area 42) (in hundreds of pounds) (cont'd) 

1957 1958 1959 1960 1961 

Samples Samples Samples Samples Sample, 

IVlkt. rlo. No, Land- No, No, Land- No, No, Land- No, No. Land- No. I'-~o, Land-
G'tr, Ivia. .c~t. lengths ages ings lengths ages ings lengths ages ings lengths ages ings lengths ag~s ings 

07 0 30 10934 4135 8367 6386 11875 
1 1000 20 353 185 37 515 481 58 33 
2 15 3 55 15 3 79 18 15 6 

08 0 11002 3018 9519 4060 9253 
3 1 893 595 344 70 74 70 148 

2 116 104 81 16 3 6 17 
09 0 11782 4292 719 114 9000 10352 6077 

1 395 701 305 151 95 
2 53 100 15 6 € 

35583 13540 27782 21102 27510 

10 0 4534 5974 3239 2817 300 51 4129 
1 300 50 g20 2994 662 703 1016 
2 121 185 30 33 11 

11 a 365 36 2040 500 49 3807 3324 1844 3915 
4 1 400 51 3396 3740 1513 1948 200 .:1,:' 715 

2 100 20 205 313 92 161 22 
12 0 1069 S89 300 2704 974 1040 

1 555 111 3289 600 46 3070 450 45 1712 1286 1363 
2 45 9 214 100 20 244 60 12 97 103 36 

----
16288 21216 13373 9874 1224.3 

- --~-- ._-
1/ Only 2 samples are recorded for line trawl, QRS. 



AU subsequent summations und calculations of m.ean length at age~ or 
numbers landed by age group were bused on the nurn.bers of fish landed 
as estimated above. ThuG all estimates apply only to the landings, and 
not necessarily to the underlying populationse 

Comparison of length and age composition of different !U~rket categories. 

The landings are classified by four. market categories: large, scrod~ med­
ium, and ungraded. All U~ S. landings are in the first two classifications, 
as are much of the Canadian landings. It has been assumed that the length 
distributions withi.n each of these (large and scrod) are sirniliar for both 
country's landings; of course the samples fl'Cn:'l1 each of these categories 
have been weighed by the estimated numbers of fish landed in each before 
combining. There is a relatively small amount of fish landed in the medium 
category, and a visual inspection of length frequencies indicated that sam­
ples from this category could be combined with those from the large cate­
gory without weighting. 

Much of the Cc.nadian landings fall into the ungraded category; in some 
cases the whole of a months landings. It mi .. ght be elcpected that the length 
composition of ungraded landings would be sirniliar to that of large and 
scrod combined. Four such compa:dsons are ;:>resented inFigure 2. Each 
panel is identified by the year, month and g3ar involved, and the numbers 
of fish measured or aged in each category are also indicated. Length and 
age compositiClns in two of the comparisons indicate a rather high degree 
of shr.dlarity between the two cla.ssificatioml~ The other two comparisons 
indicate a high degree of disparit::h in one tll€ large-plus scrod has the 
larger fish, while in the other the ungraded category is comprised of larger 
fish. In both cases it would seem that small numbers in the sample (150 
and 108) mi.ght be the Cause of the differences observed. Data are avail'" 
able for further comparison" and this will be done to form a more finn 
conclusion. At any rate 3 subsequent analyses are based only on those 
months and arl;;a,s where landings of all market categories were sampled. 

Comparison of length composition of landings by Hne ,!:awl and otte:t:'.E'awl 

While line trawling has been diminishing in recent years, these landings 
are still an important segment of the fishery, particularly in some ll:lonths 
and areas o 

Several comparisons of the length compositions of landings of the two types 
of gear are i1l11strated in Figures 3 and 4$ 

It is a well known fact that in commercial operation line trawls land .. and 
presumably catcha proportionately more larger fish tha:n. otter~tra\,vls. 
Thi.s is apparent in the comparisons. A precise study of the dynamics 
of 4x haddock ,should therefore, take the line trawl landi.ngs into account. 
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Within the period under study, line trawlers have continued to land larger 
fish than otter trawlers, but the comparison for 1961 indicates that the 
difference may be tending to be of lesser magnitude~ There has been some 

. decrease in average length of landed fish for both types of gear. 

Mean len~il-t a~e 

Average length at age in landings of otter trawlers from sampling area 
42 is presented in Table 3 and Figure 5. 

There seems to have been a uniform growth rate throu.gh the years. The 
average lengths compare faborably with those calculated from scales by 
·vlise~ 1957 (U. S. Burea.u of Commercial Fisheries~ Research Report 50). 
The back calculated length are smaller than those of the commercial land­
ings at younger ages, probably beG8.use of the selective nature of the fist."" 
ery, i. e., only the fastest growing fish of age groups 3" 4 and 5, are aVcdl­
able or retained by the fishery. 

Relative ahun.dance of age groups an d . .,year "cl8.sse~ 

For reasons given in the previous section on sampling, estimates of ye?J:' 
class and age groups abundance were restricted to otter trawler landtngs 
from. area 42 (principally Browns Bank),t in the first half of the year a 

The estimated number landed at each age are presented in Table 4. These 
data provide a comparison of relative abundance of age groups within a 
month, but not among months or years. 

An index of ebundance v{as derived from certaJ.n large (150- 600 gross tons) 
U. S. otter trawlers. The large U. S. otter travvlers account for a large 
share of the landings at the time and in the area concern~"!d. Landings and 
effort (days fished, derived from vessel interviews) of the study boats 
for the first two quarters of the yea.r were used to compute a relative indzx 
of abundance (landings per days fished) for each year. A relative index of 
effort was estimated by dividing the total otter trawl landings by the esti­
mated landings-per-days-fished (Table 5). 

Estimated numbers landed per-unit-effort (Table 6) at each age were theu 
obtained by dividing the ntnnbers landed by the effort index. Note that 
estimates for the months February,\' March and April were obtained for each 
year~ but estimates for May and June were obtainable only for years 1950 
and 1960 .. 
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Table 3. --Average length at age in la.'I1dings of otter trawlers in sampling area 42. 

--------------------------------------------------------------------------~=--------------Year M:o. AGE 
3 4 5 6 7 8 9 10 11 12 

1957 03 410 7 46.4 48.8 49" '7 56.8: 55.9 60.2 63.1 51. 0 58.0 
04 41.4 45.1 48.2 52.1 54.8: 58~1 60.3 58.3 60.9 68.,9 

13+ 

61. 0 
62.2 

--------~~--------~--~--~----~------~-------------------------------------Average 41.6 45.3 48.5 51 0 0 55~8 56.0 60.3 60.7 56.0 63.5 61.6 

1958 02 
03 42.0 

Average 42.0 

1959 02 
03 43,. 0 
04 

Average 43.0 

1960 03 
04 

Average 

45.3 

45 .. 2 
45.5 
40.0 
43.6 

45.7 
45 .. 2 
45.4 

47.3 
48.7 

48.0 

50.8 
48.7 
47.9 

49.1 

47,,2 

50.7 
51. 2 

51.0 

~n .. 5 
5L2 
5L? 

50.5 

49.7 
46.9 
48.3 

53.5 

54.,0 
53.3 
56.5 
54.9 

53.0 
53 .. 1 
53.0 

58.0 

55.4 

56 .. 8 

57.0 
58.7 

57. Sf 

59 .. 2 
58.3 
58.0 

58,,8 
57 .. 6 

58.2 

62.4 

62.4 

58.7 

60.0 
60.8 
60.4 

61. 0 
66.0 

62 .. 7 
5'1.8 

60.3 

59.2 

1961 02 46.3 48.7 48 .. 5 52.1 54.9 56.5 55.7 62.0 

57.0 

57 .. 0 

54.0 
61.1 

57.6 

58 ... 0 

58 .. 0 

03 42 G O 45.8 47.2 50.1 52.1 54.1 58.3 59.5 56~9 59.7 
04 41.1 45.7 47.1 47.7 51. 7 53.4 55" 3 53.5 6L 0 59.6 

64.0 

64.0 

'66.0 
65~O 
62~7 

64.6 

67.0 

60.5 
58.'7 --------------------------------------------------.------------------------------Average 41.6 45.9 47.7 48.8 52.0 54.1 56.7 56.2 60.0 60.0 

Grand 
Average 42.0 45.2 48.1 49.9 53.8 

" 
56.1 58.2 59.7 59.8 59.2 

59.6 

63.4 
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Table 4. --Estimated numbers (in hundreds) of haddock landed by otter trawlers from area 42. ' 

Year Mo. Num.bers at each age Totals 

3 4 5 6 7 8 9 10 11 12 13+ P~(")e Length 
1 .. 053 

r--.r,: "'1'") 560 688 397 ........ (8 .::..=£"1-: 
1957 03 176 2.~ t;i <.l:<:i 948 64 85 23 ok 737 '? ~ 614 

04 328 2:> 597 12., 972 1~888 4 .. 306 3» 133 19 655 1 .. 538 401 34 233 29· .. 088 '303 175 

T 504 3 .. 655 15 .. 621 2,,448 5;004 4.,086 2 .. 052 1" 616 465 119 256 3531 825 37 .. 789 

1958 02 890 938 2J>892 301 316 149 0 103 58 0 5s 646 6., 213 
03 96 2~ 130 3 .. 513 9~ 727 2., 625 1 .. 574 819 711 19 0 67 21~283 24~ 289 

" 
T 96 3 .. 020 _ 4~ 451 123 619 2 .. 928 1:.890 968 711 122 58 67 26~929 30 .. 502 

-1959 02 134 529 265 302 22 62 0 ° 0 13 1., 327 1 .. 764 
03 149 5B8 2:; 2~~S 1.; 309 1$ '193 510 453 323 62 82 12 7 .. 522 8~ 059 
04 114 1~ 011 3 .. 442 4,252 3~ 417 625 84'1 692 402 111 285 15,,198 15,58'1 . 
T 263 1 .. 733 6,,210 53 826 5~ 512 1 .. 157 1 .. 362 1,015 464 193 310 24 .. 047 25.1' 'UO 

05 298 1,043 384 422 216 166 197 96 0 0 2~821 3,456 
06 251 462 670 268 530 160 207 144 42 17 17 2" 767 2a 76,5 

..... 
.T 251 760 1" 713 652 952 376 373 341 138 17 17 5,588 6-" 221 

1S60 03 1 .. 391 4..,553 71'292 3 .. 617 3 .. 658 686 842 396 65 22 .. 506 22.t 927 
{}4 11 851 3,681 2~ 992 1 .. 429 2,485 574 813 501 74 35 14j1435 17,153 
T 3$ 248 8,,234 10,284 5 .. 046 6 .. 143 1,260 1.1 655 897 74 100 36 .. 9.:11 40; 080 
05 431 498 1 .. 940 603 503 318 373 81 44 171 4.,963 5" 627 
06 267 295 184 447 11 88 13? 0 0 1,429 III 756 
T 431 765 2 .. 235 787 950 329 461 218 44 171 6$392 78 383 

-1961 02 951 2.782 3,OS3 1.490 ~t:'<) 959 252 76 0 0 10" 334 11 .. 659 .u .... 

03 94 1 .. 667- 5",23LJ: 4 .. 265 4,303 1 .. 405 954 113 286 107 91 18.521 18.;0 667 
04 929 2 .. 858 8,.121 6 .. 044 4,6'"12 953 2" 087 361 138 130 109 25,401 27 .. 08·1 
T 1.1 023 5 .. 476 16,137 13,372 10.465 3~ 120 4 .. 000 7~;6 500 237 200 55$ 256 57~ 410 



Table 5. M -Estimated effort inde0 for otter-trawls, area 42. 

- " .. . -----_ ... - r _._ ..... .,. --..-

Year Mo. Total Otter-trawl Study Boats Est. Total 
landings (hundreds D.F. Land/D. F. D. F. 

of pounds) 
--' t 17 "-

1957 03 22 t 135 89.1 176 125.8 
04 53, 631 89.1 176 304..7 

Total 430.5 

1958 02 1'7 J 603 129.7 212 88.0 
03 75, 177 129.7 212 354.6 

Total 437.6 

1959 '02 5, 197 74.7 121 43.0 
03 23, 543 74.7 121 194.6 
04 42,402 74.7 121 350.4 

Total 588.0 
05 8~ 721 74.7 121 72.1 
06 7,118 74.7 121 58.8 

Total 130.9 

1960 03 67, 198 99.1 ·164 409.7 
04 45,512 99.1 164: 277.5 

Total 687.2 
05 16~ 007 99.1 164 97.6 
06 5, 131 99.1 164 31. 3 

'!'otal 128.9 

1961 02 301 530 22.5 161 189.6 
03 50,925 22.5 161 316.3 
04 63, 950 22.5 161 397.2 

Total 903.1 



Table 6. --Estimated numbers (x 10-1 ) landed per unit effort by otter trawls fishing in area 42. 

Year Months Age Total .t;ffort 
3 4 5 6 7 8 9 10 11 12 13+ 

1957 03-04 12 85 362 57 116 95 48 38 11 3 6 831 430 

1958. 02-03 2 69 102 288 61 43 22 16 3 1 2 615 438 

1959 02-04 4 30 106 99 94 20 23 17 8 3 5 409 588 
0.5-06 19 58 131 50 73 29 28 26 10 1 1 424 131 

1960 03-04 47 120 150 73 89 18 24 13 1 1 538 687 
05-06 33 59 17 3 62 74 26 36 17 3 13 496 129 

1961 02-04 11 61 179 148 116 35 44 8 6 3 2 613 903 

T 02-04 29 292 869 742 466 282 155 103 41 11 

Ave. 02-04 7.2 58.4 173.8 148.4 93.2 56.4 31. 0 20.6 8.2 2.2 



The age compositions thus. derived are portrayed in Figure 6_ One ll'lUSt 

realize there may be a l3,rge degree of error a~;sociated with these 
estimates. However", they are consistent enough among mont.hs and years 
to lend credence to them. 

A few relatively large year classes are apparent,:. particularly the 1952 
year class which enters the fishery in 195'1 at age 5. This year class waG 
not8.bly large also in Subarea 5~ The 1956 year class (o.ge 5 in 1961) 
promises to be relatively large also. 

The estimated average percentage age composition is presented below. Age 
groups 4 through 8 account for 89 percent of the landings. 

Age 
0/0 

3 
l;,2 

4 
9,8 

Total;. rnortal~t~: 

5 
29.0 

6 
24.8 

7 
15.6 

11 12 
1.4 0.4 

Catch curves for various year classes are plutted in Figure 7, and illustrate 
a remarkable degree of homogeneity. The fish appear to become fully 
recruited to th,:! fishery between ages 5 and 6 (since these are landings dat':l.~ 
the factor of discard" which is probably small" is included in the term 
recruitment). 

Because of the observed homogeneity, an average ca~ch curve VIas computed 
for purposes of estimating mortality. The slope of this average curve, from 
age 6 onwards~ provides an estimate of total instantaneous annual morta1ity~ 
3. = . 0.55, corresponding to an annual rate of 58 percent. rrhis is only 
slightly less than the average value of Z = Oe 7 for Georges Bank. over the 
last 30 years. 

F'-!ture Samplir~ 

Major decisions on future' sampling in Division 4X must await review of 
this report. However the two major problems ought to be noted here. 
First, sampling of 4X landing's (chiefly Canadian) must be increased if 
adequate coverage of Division 4Xin its entirety is to be accornplisheda If 
adequate coverage of all categories is not feasible it would be better to 
concentrate effort in one or tvV"O quarters and categories" and obtain 
sufficient samples in them~ Second, if sampling is to be increased then 
there should be an increased staff available for maintaining a current 
analysis of the 4X data.. With ADP methods this is essentially a problem of 
having sufficient age readers~ 
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Another problem to be considered is the choice of scales VB. otoliths in 
assessing ages. Scales m'ay be sampled more rapidly than otoliths in th.e 
ports but there may be some 108s in accuracy of estimates of growth and 
survival through the use of scales instead of otOliths. Later annuli of older 
haddock appear to be less distinct on scales than on otoliths and therefore 
it would be expected that scales would yield a lower average age. This in 
fact does occur beyond about age 7 and consequently it is not unreasonable 
to suppose that age data based on scales might overestimate grov.'th and 
mortality. However it seems unlikely that there would be a significant 
difference between estimates of growth and mortality ba.sed on the t.wo 
methods. 

Kohler and Clark (J. Fish. R.es. Bd. Can. ~ vol .. 1511 1958) showed that 4X 
growth estimates from scales \ver-e only slightly higher on the average than 
estimates based on otoliths. Gulland (Min. of AgI'o and Fish .. ;; Series ll, 
vol. XVIII, No, 9" 1955) concluded that unless age errors change greatly 
from one age group to the next .. the effect on estimates of gJ:'O\vth und 
mortality 1.s small. Unfortunately there appears to be no sirnple basis for 
predicting just how large errors must be or how fast they must change from 
age to age in oJ:,der to produce specified errors in mortality estimatese 

The only suitable procedure a.ppears to involve deterministic age-error 
models. In our case such models based on f5cale-otolith comparisons could 
be used to obtain some idea of the magnitudeTf differences in growth and 
mortality estirnates between scale and otolith data. This analysis will be 
incorporated into the final report. 

Scale reading consistency between different rea.ders and also between 
different readings (of the same sample) by the sarne reader" appears to br} 

lower than comlistency obtained with otoliths. The m~gnitude and iInportance 
of this disadvantage of scales will be considered in the final reportG 
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