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INTRODUCTION

The Scotian Shelf haddock stocks are divided into two groups: the
ICNAF Divison 4VW and 4X stocks (McCracken 1963). Between 1960 and
1975, the eastern Scotian Shelf haddock stock (4VW), was exploited
primarily by the Canadian, Spanish, and Soviet fleets. Prior to 1965,
this stock was fished at levels from 13,000 tons to 34,000 tons
averaging 27,000 tons. In 1965 the total fleet reported a large
haddock catch of 55,000 tons which was twice that of the pre 1965
average of 27,000 tons (Fig. 1). Canadian catches accounted for 8,700
t of this total, while the USSR caught 43,000 t. After this, the
fishery decreased to yearly levels from one-half to one-eighth of those
prior to 1965. This decrease continued until 1977 when the catches
began an upswing under stringently low TACs.

The Canadian domestic fishery for 4VW haddock was exploited by
large trawlers (TC 4 and 5), long-lines, traps, and hand-lines. Those
fisheries conducted by the USA, USSR, and Spain, used trawlers ranging
in size from TC 4 to 7. Spain used primarily pair trawlers while the
USA and USSR employed both side and stern trawlers.

Peak catches by Canada occurred in 4W during late winter and early
spring (Figure 2). Both the USSR and Spanish fleets fished during the
summer and early fall in 4W and 4VW respectively.

Most foreign catches of haddock were a by-catch to some other
species. The USSR haddock catch was almost exclusively a by-catch of
the small mesh silver hake fishery with the possible exception of the
1964 to 1966 fisheries. Spanish vessels caught haddock as a by-catch
in their cod fishery. The Spanish cod fishery persisted until 1975,
while the USSR continues to fish for silver hake today, although within
a rather restricted area.
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For the years 1963 - 1966, the USSR concentrated its fishery on
Middle Ground and the southern tips of Banquereau and Sable Island
Banks (Clay 1979). Both Scott (1979) and Hare (1977) indicate that the
latter area is one which has a high concentration of haddock.

POSSIBLE IMPACT OF SMALL MESH FISHERIES ON 4VW HADDOCK

Halliday (1971) suggests that the selectivity of the 40 mm nets
used in the Soviet silver hake fishery would be similar to that used on
Canadian research vessels (32 mm). Data reported to ICNAF suggest.
that 67% of the 1965 USSR haddock catch was obtained in a directed
silver hake fishery. Also, the catch of haddock for the directed
silver hake fishery was reported to be 41% of the silver hake catch by
weight. Such data suggests that these two fisheries were being
conducted simultaneously.

The USSR fishing patterns reported by Clay (1979) indicate that
the USSR fished the same areas from 1963 - 1965, yet the by-catch in
1963 and 1964 was well below the 1965 level (3 - 7% compared to 41%).
Therefore, it is highly unlikely that the USSR would have equipped its
vessels with 114 mm nets in order to direct a fishery toward haddock
for only one year. The most plausible scenario would be that the USSR
small meshed fishery was capitalizing on the large 1962 and 1963
year-classes of haddock (Table 1).

Further adjustment to reported catches for the USSR were
calculated from data collected during the 1977 and 1978 Observer
Programs. Comparison of reported by-catch of haddock in the 1977 USSR
silver hake fishery (0.1%) to that actually observed (1.0%)
demonstrates that the USSR could have under reported its catch by 111
tons (Waldron 1978). Similar results were observed in 1978 where it
was estimated that the USSR may have under reported its haddock catch
by at least 246 tons (Table 2) (Waldron 1979). These quantities,
although small in relation to the total 4VW haddock catch, are
nonetheless important since they represent predominantly 1 and 2
year-old haddock (Table 3).

These adjustments are likely to be underestimates of the actual
events since the current silver hake fishery has been restricted to an
area south of Sable Island. Experiments to evaluate the placement of
this line were conducted in both 1977 and 1978. Both the USSR and Cuba
suggested the studies would benefit directly by not only removing
restriction on where the vessels could fish but also elminating the 1%
by-catch regulation for cod and haddock. The results may have been
biased with fleet commanders attempting to minimize the amount of
by-catch, yet they do demonstrate that by-catches of haddock in a
directed silver hake fishery on the Shelf, ranging from between 1.1 and
3.7%, were higher than those observed in areas near the slopes which
ranged from .5 to 2% (Waldron 1979). These observations would increase
again the total haddock catch in small-meshed fisheries from those
estimated.
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RESEARCH VESSEL SURVEYS

Random stratified surveys of the Scotian Shelf have been conducted
since 1970 during July and August. The estimated 4VW haddock biomass
has varied from a low of 9,000 tons to a high of 69,500 tons.
Generally there has been an increasing trend since 1974, with 1978 and
1979 estimates being 69,500 tons and 69,400 tons respectively
(Fig. 3). The decrease in numbers reported for 1979 is primarily due
to the conspicuous absence of the 1978 year-class (Table 4).

The 1979 survey also suggests that the 1979 year-class is the
largest in the history of these surveys. Although there are subsequent
cruises in 1979, the data are not yet available to corroborate these
observations.

EFFORT STANDARDIZATION

The most consistent effort series was that of Maritime-based TC 4
vessels. Directed CPUE and total catch of OTB 1 and 2 from February to
June were obtained from ICNAF statistics. Catch per unit of effort for
tonnage classes 3 to 5 were standardized to 1966 (Table 5). These
indices were weighted to the total OTB catches for that year. The
final effort index was obtained by dividing the total catch of all
fisheries by the weighted CPUE index.

In some years the Maritimes-based vessels caught less than 30% of
the reported catch, both Spain and the USSR reported most catches of
haddock as by-catches of either a directed cod or silver hake fishery.
In recent years, the offshore catch of haddock has decreased by all
gears. The percentage removed by OTB and long-lines has remained
fairly consistent, except during the period 1974-1977 when long-lines
increased their take. The effort series is affected both by the low
percentage of total removals and the fact that the CPUE index is based
on only part of the population supporting the fishery i.e.  older age
groups (see below). Thus it is not likely that this effort series will
reflect total effective effort in the fishery.

REMOVALS AT AGE

Historically, there have been three major fishing fleets operating
in the 4VW haddock fishery. The Spanish and Canadian fisheries were
required by regulations to utilize 114 mm gear until 1974 and 130 mm
through to present, while it is speculated that the USSR utilized 40 mm
gear (Halliday, 1971). Removals at age for all countries except the
USSR were calculated from Canadian commercial age length keys (Table
6).

The high catches of haddock by the USSR in 1965 were unsampled.
The only USSR samples reported to ICNAF were from 1966 and consisted of
three age, and 14 length frequency, samples. USSR removals for 1960,
1965, 1967, 1969, and 1970-76 were calculated from Canadian research
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vessel cruises which used mesh sizes of approximately 35 mm. The years
1961-64 were extrapolated from the 1960 Canadian research vessel
cruise, while 1968 used the average of the 1967 and 1969 research
cruises. Removals at age for 1977 and 1978 were obtained from Canadian
sampling onboard USSR vessels.

Comparison of 1977 Canadian research and observed estimates of
Soviet removals at age showed similar results, estimates of both
indicating full recruitment at age 2 (Table 7). Age 0 fish caught by
the Canadian research vessel were not observed in USSR vessel catches.
This should not necessarily be interpreted as implying that the USSR
did not catch 0 group fish but, rather, it could represent sampling
variation. In order to avoid bias in population estimates, age 0 fish
are not included in the cohort analysis. The removals at age matrix
used in the cohort analysis (Table 8) is the summation of USSR removals
(Table 3) and other countries' removals (Table 6).

STOCK ASSESSMENT

Partial recruitment - An initial partial recruitment vector was
derived from a relationship between commercial fishery removals-at-age
and research vessel estimates of population numbers-at-age in 1979.
Research vessel numbers at ages 1, 2 and 3 for 1979 were adjusted to
compensate for partial recruitment to the survey gear relative to age 4
(Tables 9a to 9b). The resultant numbers-at-age were divided into the
commercial numbers-at-age and plotted against age in order to obtain
the initial partial recruitment (Table 10). Full recruitment occurred
at age 6 and partial recruitments for earlier ages were read from the
curve. These were used during the initial runs of the cohorts. A
partial recruitment of 0.040 .050 .178 .550 .673 1.0 1.0 1.0
1.0 1.0 1.0 for ages 1-11 was finally utilized as this gives a high
correlation (r = 0.97) between numbers at age 1 from the cohort and
numbers at age 1+2 in research vessel surveys.

Fishing Mortalities - Starting F's were calculated for each year
from average Z values after full recruitment. The cohort began with a
terminal F of 0.2 derived from an earlier assessment and M of 0.2.
Effort calculated from the weighting of commercial CPUE did not give
any statistically signifcant relationships with F. With the above
partial recruitment and terminal F's, cohort runs were made to find the
final F which gave the greatest GM correlation between estimates of age
3+ numbers from the cohort and research vessel surveys (Fig. 4). The
best r(0.95) was obtained with an F of 0.1 (Table 11).

Recruitment - The geometric relationship between age 1, as
calculated from the cohort analysis, and age 1 + 2 from research
surveys gave an r = 0.97 (Fig. 5). The 1962-64 year-classes were the
largest in the time period studied (Table 11). However, the
assumptions involved in determining removals at age will have resulted
in some smoothing over adjacent year-classes. From analogy with
haddock stocks to the southwest of 4VW, it is likely that it was the
1963 year-class which was extraordinarily large. The 1962 year-class
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was probably also above average strength, but neither it nor the 1964
year-class are likely to have been quite as strong in relation to the 1963
year-class as shown here. The 1965 to 1973 year-classes were extremely
poor. However, the 1974-77 year-classes, which are responsible for the
recent increase in population abundance are comparable in size to those of
1959-61.

For projection purposes the 1979 year-class size at age 1 was
assumed to be equal in size to the geometric mean of age 1 numbers over
the years 1970-78 i.e. 13.7 million fish.

YIELD PER RECRUIT

Using mean weights at length obtained from research vessel
cruises, with length at age in commercial catch sampling data, and
using partial recruitments as derived for 1979, a Thompson-Bell yield
analysis was run. This gave a maximum yield per recruit at age 1 of
0.630 kg at a fishing mortality of 0.60. F0 . 1 was 0.31 and gave
a yield per recruit of 0.585 kg. (Table 12).

PRnJFr'TTnN

The projected catch in 1980 at F0 . 1 is 15,000 tons.

Year 	 Population Age 1+ 	 Catch
Numbers 	 Biomass 	 Numbers 	 Weight
(x10 - ) 	 (tons) 	 (x10- ) 	 (tons)

1979 	 99.8 	 93,000 	 2.3 	 3,000
1980 	 93.2 	 103,000 	 9.9 	 15,000

The marked improvement in the status of this stock is a result of
the improved recruitment from the 1974 to 1977 year-classes. The sizes
of these year-classes are comparable to the average year-class size in
the late 1950's and early 1960's when the catch averaged about 27,000
tons.

It is clear from research vessel surveys that the 1978 year-class
is poor. The 1979 year-class may be strong but a further year's data
is required to establish this with any degree of confidence. The
overall situation encourages the view that the stock is recovering and,
within a few years, could be providing annual yields comparable to
those produced in the 1950's.
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TABLE I USSR DIRECTED S. HAKE FI38E9,, (4VW) AND ASSOCIATED 89CATCHE5 (nit)

TEAR 1960 1961 1962 1963 19o_  1965

WITH \^ S.Hake 	 Haddock Cod 5.Hake 	 Haddock 	 Cod S.Hake Haddock Cod S.Nake Haddock Cod 5.Hake Haddjck Cod, S.Hake Haddock Cod

January 7884 9 683 160 16 103

February 4101 4 100 7 255

March 5850 1630 1207 177 706 18

April 837 102 256 6763 1182 3 - 3

May 38839 294 1256 29309 59 479 15577 148 507

June 1 1 23946 434 1292 678 10 293 511 74 80

July 2 13235 11) 1317 14227 10997 593

.Au9ust 13040 246 619 19531 30 3809 2048 2558 103

Septerter 12564 493 891

October 1750 1655 1021 1 27

floverber 4595 306 - 2403 602 853 67 3

1)ecember 4678  232 - 2764 - 165 23 650 165

:total 	 Rpt  9273 640 257 119936 3733 9601 64094 4255 6968 33658 13942 2107
Mir (other)

total Report d 151 	 113 8825 2567 2383 116388 3301 950 5 62935 4391 7133 49644 12876 7556

Yearly Ratio 1.000 0.073 0.029 1.000 .032 .082 1.000 0.068 0.111 1.000 0.412 0.062

Clay, 1979

YEAR 1966 1967 1968 1969 1970 1971

M01TH S.Hake 	 Haddock 	 Cod S.Hake Haddock Cod S.Hake Haddock Cod S.Hake Haddock Cod S.Hake Haddock Cod S.Nake Haddock Co

January 459 26 33 3

February 850 5 43 41 3246 26 51

March 1363 76 44 4326 36 155 30817

April 9079 7 108 16546 605 193131 66 299

May 58 12 626 67 222 5035 5 55 17820 52 446 6746 68 423

June 1746 13 917 17473 122 166 9126 64 1096

July 20 5235 51 , 399 34601 171 673 22118 18 435

August 10 12299 15 221 43165 99 58 21101 8 261

September 6992 45 1254 18787 137 115 3174 21 174

October 972 389 1631 - 401 6129 45 142 1357 6 52

Hovenhcr 1747 5 61 4115 43 58) 2 Ec

01 cer.ber 1010

154013 515

110

2513 122313 279 2909
Totala

r
Rpt

Di, 1834 	 25	 917 1598 	 67 	 611 44700 	 235 	 2619

Aepo
Total

6r-forted
366 	 10501 	 6016 1834 554 1077 3385 254 4865 44769 235 2763 10431) 6.51 2521 173445 475 4536

1.000 ^.042 0 3C2 1,000 .005 .os 1 ` 000 _ : Ool _•015Ratio Y`_ - 1.00 . 014 	 .500 ^1,0co V 002 ^.^;4
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TABLE 1. USSR DIRECTED SILVER HAKE FISHERY (4V14) AND ASSOCIATED BYCATCHES (mt)

YEAR 	 1 1972 4 1973 1974 1975 1976 1977

1711TH S.Hake Haddock Cad S.Hake Haddock Cod S.Hake Haddock Cod S.Hake Haddock- Cod S.Hake Had: Cod S.Hake Haddock Cod

Januar/ 1039 - - 2381 - 108 982 1i 75

February 104 - - 83 - - 1146 - 88

March 7166 28 247 11264 37 42 6963 •- 40 2565 1 63 14644 1 177 37

April 11445 - 39 69254 - 52 8562 3 249 12501 4 245 9579 - 137 4040 6 1C

Play 19675 - 494 71540 20 270 11967 22 1120 12120 9 517 4952 - 360 3721 2 12

June 16336 - 796 40103 17 1079 12617 15. 470 5973 3 445 1820 2

July 24043 35 971 38789 - 464 10114 6 311 23789 27 156 12719 - 62 8723 17

August 14610 38 339 13116 2 321 9883 29 347 18260 8 146 6068 6 - 14

Septerber 11481 1 136 8314 - 126 2072 - - 17621 - 113 5058 - 19 695

October 3213 - 156 5394 - 171 3628 1 47 6533 - 4 112

November 1060 - 4 4699 - 140 3480 - 12 181 1

December 7945 - 15 9637 15 97 4873 -	 .. _28

Total 107969 102 3178 266383 76 2564 81181 91 2829 95298 52 1833 70054 18 972 (20145 10 3)

J'SSR Total
Reported 108657 106 4646 268511 76 2918 87497 132 3099 96853 52 3042 74823 24 1018 27351 14 97

Ratio 1.000 .001 .029 1.000 .0003 .010 1.000 .002 .035 1.000 .001 .031 1.000 .000: .014  1.000 .0105 .0023
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2
3
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5
6
7
8
9

10
]]

15

Table 4. 	 Haddock numbers-at-age ('000) from research vessel surveys in 4VW.

1970

273
7100
2640
4788
5325
2548
1632
1817

924
388

86
98

1971

161
4489
9451
3117
4104
1633
925
426
663

30
0
0

1972 1973 1974 1975

40 0 594 192
3435 1508 944 12025
2321 4978 5587 1700
3378 1490 7556 4991
1524 1401 1369 4463
1271 514 1409 1170
955 1023 702 2135
392 214 523 557
186 251 208 226
111 81 118 117

49 119 86 134
0 0 101 0

1976 1977 1978 1979

	

780 	 645 	 0 3874
8547 15666 25779 229
9400 29656 28842 23780
1322 23396 38613 25874
2569 3176 21592 26879
2465 950 1372 7538

	

542 1879 1234 	 969

	

592 	 531 	 323 	 752

	

151 	 306 	 39 	 256

	

41 	 0 	 0 	 0

	

40 	 179 	 29 	 98

	

41 	 23 	 36 	 47
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Table 7. Removals at age ('000) for USSR catches in 1977 estimated by using
observed samples and Canadian research.

Canadian Research USSR Sampled

Age No. % No. %

0 1 0.51 0 -

1 36 18.46 34 19.54

2 60 30.77 68 39.08

3 51 26.15 54 31.03

4 24 12.31 6 3.45

5 7 3.59 8 4.60

6 11 5.64 3 1.72

7 2 1.03 1 0.57

8 1 0.51

9 1 0.51

10 0 -

11 1 0.51

11+ - -

TOTALS 195 100.00 1.74 100.00
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Table 9a . Adjustment of survey estimates numbers at age
('000) at M = 0.2 for ages 1 to 3 to compensate
for partial recruitment relative to age 4.

YEAR CLASS
Survey Year

1978 1977 1976 1975

1979 407 33364 23912 26879

1978 45834 40466

1977 27854

Average 407 39599 30744 26879

Ratio 	 to
0.015 1.473 1.144 1.000

Age 4

Table 	 9b. 	 1979 research survey numbers at age ('000) prior
and after adjustment to compensate for partial
recruitment at age 4.

AGE 1 2 3 4

Original 	 #'5

Adjusted 	 #'s

229

407

23780

39599

25874

30744

26879

26879
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Table 12. Yield per recruit for the 4VW Haddock (M = 0.20, pariia1.
_-recruitment and wt. at age as in Table 10).

1'(3- 	 r7T,7tr 7T-'r 7' 	 T?rr

ITY (JrJc7rr) ("1') p"

9.953 0•fl3333
0.15550 0.337 2.15'

0.150 .20000. 0•3tt 2.055 0.720
0.200 0.2520 0.501 1.03 -0.531
0.250 0.23679 0.57 1.207- 0.551
0.300 0.2155. -0.578 - 	 1.93

p0.1--- 0.313 0.32100 0.585 1.910 fl.1L71.
0.33309 0.600 '1.770

0.00 O.3587. 0.13 1.710 0.390
• 0.37501 0.622 1.55k 01 	 1

0 	 99 0 	 31'7 0 	 627 1 	 cY" 0 	 "15
3.550 0•40423 0.920 1.555 - 	 fl.27'3
fl5' 0.'.1525 0.530 1.517
3.300 9.1625 0.630 • 	 1 	 513
O 	 359 	 - 0 	 509 0 	 52 1 	 i.73 0 	 2L?L

3.703 0.1.3372 0.027 - 	 1.'2 0.220
0.750 0.4565 0.625 1.03 0.219
0.200 0.1L5308 0.622, - 	 1.371 0.100.

0.L6152 	 . 0.610- 1.3'42
0.009 0.U505'-. 0.616 1.315 ".173
0.050 0.'7531 0.513- 1.203- 0.193

0.610 - 1tt
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