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INTRODUCTION 

ICNAF Res.Doc. 74/91 

Haddock in ICNAF Div. 4X has been the subject of a cooperative research 
programme between the St. Andrews Biological Station, Canada and the Northeast 
Fisheries Center. Woods Hole, USA, since 1956. Abundance, age composition 
of landings, and total mortality of Div. 4X haddock in the period 1956-61 is 
reviewed in detail by Hennemuth et a1. (1964). and for the 1962 - 68 period 
by Schultz and Halliday (MS 1969~ommercial landings, population estimates 
and mortality rates from USA research vessel surveys through 1971 are reviewed 
by Heyerdahl (MS 1972) and similar data from Canadian research vessel surveys 
in 1970-72 by Halliday (MS 1973). The data presented below result from the 
research activities of both the Woods Hole and St. Andrews laboratories. How
ever. as cooperating scientists at Woods Hole have not had an opportunity to 
review this analysis, full responsibility for the conclusions lies with the 
author. 

(See Fig. 1 for definition of statistical unit areas referred to in 
the following text.) 

STOCK STRUCTURE 

Tagging experiments on Div. 4x haddock by Halliday and McCracken (1970) 
and by McCracken (1956, 1960) demonstrate that: 

(1) haddock occurring on the northwestern side of the Bay of Fundy (Div. 4X
S) in the summer and autumn months predominantly migrate southwestwards 
into Div. 5Y for the winter-spring months, returning to Div. 4X-S the 
following summer; thus, Div. 4X-S haddock apparently belong to the Div. 
5Y spawning stock: 

(2) haddock occurring on the southeastern side of the Bay of Fundy (Div. 4X
R) in the summer and autumn months predominantly migrate southwards to 
the Browns Bank area (Div. 4X-NOP) for the winter-spring months, return
ing to Div. 4X-R the following summer; thus, Div. 4X-R haddock apparently 
belong to the Browns Bank spawning stock: 

(3) haddock occurring off southwestern Nova Scotia (Div. 4X-O) in the summer 
and autumn predominantly migrate southwards to the Browns Bank area for 
the winter-spring months, returning the following Bummer: 
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(4) there is evidence of small localised coastal stocks throughout the area 
which are essentially none migratory. 

These results support and extend the tagging results of McKenzie (1940) and Needler 
(1930). 

Circumstantial evidence for the stock separation of haddock on the two 
aides of the Bay of Fundy is provided by differences in mean length-at-age 
(Needler, 1930) (but this difference could not be demonstrated by llennemuth et 
a1. (1964), size and age compositions of commercial catches (Hennemuth et al:-:
(1964), and in abundance as implied by catch rates of commercial trawlers (See 
table 9). 

On the basis of the above evidence, haddock caught in Diy. 4X-S are 
excluded from the analysis of the main Div. 4X haddock stock. Landings from 
inshore stocks in the remainder of the Division cannot be distinguisbed from 
those from the main migrating stock, and are therefore considered with it. It 
is apparent from seasonality of fisheries and distribution of tagging returns 
that inshore stocks are small in relation to the main stock. Thus. this procedure 
should not introduce substantial error to the analysis. 

LANDINGS 

Although statistics of haddock landings broken down by ICNAF Division 
are available only since the early 19S0's. less reliable landings statistics for 
Div. 4x haddock back to 1931 have been extracted from Canadian and USA national 
statistical digests (Schultz and Halliday. MS 1969). Average landings in the 
period 1931-60 are estimated to have been: 

1931-40 
1941-50 
1951-60 

1931-60 

18.000 m.t. 
14,000 m.t. 
19,000 m.t. 

17,000 m.t. 

(range lS-22,OOO m.t.) 
(range 8-19,000 m.t.) (lowest in war years) 
(range lS-20,OOO m.t.) 

Declining USA landings in the 1960's were more than offset by increas
ing Canadian landings (Table 1). Spain and USSR entered the fishery during 
this period although their landings were small with the exception of 10.000 m.t. 
removed by USSR in 1966. Total landings increased to 42.224 m.t. in 1966 de
creasing to 30,396 m.t. by 1969 (1961-69 mean - 29,700 m.t.). 

The Commission introduced catch quota and closed area-season regulations 
from 1970 as follows: 

Year 

1970 
1971 
1972 
1973 
1974 

Quota (m.t.) 

18,000 
18,000 

9,000 
9,000 
Nil 

Closed Season Landings (m. t.) 

March - April 18,139 
March - April 17,600 
March - May 13,499 
March - May(Prelim1nary)l3,076 
March - May 

Quota 
Closure date 

Not closed 
Not closed 
10 October 

6 May 
NfA 

The closed area enforced in 1970-71 was reduced in size for 1972-7.4 to exclude 
deep-water regions, and thus minimise interference with silver hake and argentine 
fisheries. 

All non-Canadian haddock catches were made using trawl gear (at least 
since 1955). However, a substantial portion of Canadian catches have been made 
by 10ng1ine and handline, and small proportions by Danish seine, gillnet, and 
shrimp trawl (Table 2). (In table 2 the "line" category includes small catches 
by inshore gears such as traps. and posslbl1 also small quantities of Danish 
seine and gillnet catches prior to 1967.) 

As noted above, haddock caught in Div. 4X-S can appropriately be assign
ed to the Div. SY stock, Landings from Div. 4X-S were about 2,000 m.t. in 1962, 
increasing to over 5,000 m.t. in 1966, but declining to less than 200 m.t. by 
1973 (Table 3). Thus, landings attributable to the Div. 4x stock increased from 
almost 16,000 m.t. in 1962 to 37,000 m.t. in 1966. declining to about 13,000 m.t. 
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by 1973 (Table 3). 

AGE COMPOSITION OF LANDINGS 

Composition of landings has been analysed for the period 1962-73 in
clusive. No commercial samples are available from the landings of spain and the 
USSR. Thus, their landings are adjusted on the basis of Canadian and USA samples. 

Hennemuth et a1. (1964) observe that Div. 4X-R haddock landings have 
a substantially different size and age composition that those from Div. 4X-MNOPQ. 
Thus, the age composition's are weighted separately for these areas. Otter trawl 
and line landings are a180 weighted separately when samples are available. 
Small Canadian Danish seine and shrimp trawl landings are combined with Canadian 
otter trawl landings, and g111net with line landings, as landings of these minor 
gears have not been sampled. The author did not have full access to USA sampling 
data due to time limitations on the analysis. TllUS, USA landings composition 
for the 1962-64 period were taken from the analysis by Schultz and Ifaillday 
(MS 1969). From 1965, USA landings were prorated on Canadian sampling data. 
This should not introduce major errors as Canadian and USA landings have been 
similar in composition (Hennemuth et al •• 1964), and since 1965, USA landings 
have been small in proportion to those of Canada. For 1962, Canadian landings 
are prorated on USA sampling data, as Canadian sampling was inadequate. An 
inventory of Canadian samples from Div. 4X landings excluding Div. 4X-S are given 
in Table 4. 

Numbers of fish removed from the population at age increased from 
13.4 million in 1962 to 39.3 million in 1966, declining to 8.6 million in 1972. 
Preliminary estimate of removals in 1973 is 9.0 million (Table 5). lladdock aged 
1 and 2 contribute little to the fishery, although 1973 landings of 2 year aIds 
were considerably higher than in earlier years. Similarly, the contribution of 
fish over age 9 is small with the exception of the 1962 and 1963 year classes. 
The importance of the 1962 and 1963 year classes, particularly that of 1963, is 
apparent when weight contributions to the landings at each age are considered 
(Table 6). (These are derived from numbers landed at age multiplied by observed 
annual mean weight at age in commercial landings (table 7). From 1966 to 1971 
the 1962 and 1963 year classes formed over 50% of the landings by weight, and 
in 1967 and 1968 they formed almost 80%. The 1963 year class at 10 years old 
still contributed significantly to the 1973 fishery. 

COMMERCIAL eATCn RATES 

The USA otter trawl fishery provides the longest complete series of 
catch per effort data for the Browns Bank area although in recent years it is 
based on relatively small amounts of effort. 

1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 

• 

US landings! 
day fished 

(m.t.)' 

11. 0 
8.4 
8.7 
5.6 
6.9 
6.7 
7.3 
6.5 
7.5 

Can. landings/ 
hr. fished 

(m. t.) 

.49 

.39 

Year 

1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

(From USA Research Reports - ICNAF Redbooks Part II.) 

US landings! Can. landings/ 
day fished hr. fished 

(m.t.)" (m. t.l 

6.5 .30 
4.7 .32 
5.4 .30 
4.5 .28 
3.4 .25 

(3.2) (.20) 
(2.5) (.19) 
(3.3) (.16) 

(.19) 

Canadian catch per effort for side otter trawlers of 151-500 graBS tons fishing 
haddock in Div. 4X-NOP (Browns-LaHave banks) is available from 1963 (see above 
and table 8). As 1963 was a transition year from relatively little to substantial 
otter trawl effort on the offshore banks of Div. 4X, the high c.p.e. value may 
be spurious. 
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USA c.p.e. indicate high catch rates in 1956-58 of over 8 m.t./daYt 
dropping in 1959. In 1960-65 catch rates fluctuated between 6.5 and 7.5 m.t. 
!day, averaging 6.9 m.t./day. Catch rates decline from 1965 to 3.4 m.t./day 
in 1969. Under regulation, catch rates averaged 3.0 m.t./day in 1970-72. 
Canadian catch rates were stable at about 0.30 m.t./hr. in 1965-67, declining to 
0.25 m.t./hr in 1969. and averaging 0.19 m.t./hr under regulation in 1970-73. 
ThuB, there is a trend of declining abundance between 1965 and 1969 which 1s more 
apparent in USA than Canadian data. Closure of the spawning area in March-
April 1970 and 1971 and in March-May 1972-73 combined with closure to directed 
fishing in November-December 1972 and from May to December 1973 reduced catch 
rates in the 1970-73 period. Adjusting catch rates in 1970-72 by the ratio of 
catch rates during months of closure to those during the remainder of the year 
in the 1963-69 period gives estimates for these years comparable to those for 
the pre-regulation period (table 8). These indicate that catch rates continued 
to decline from 0.25 m.t./day in 1969 to 0.18 m.t./day in 1972. In 1970-73. 
the fishery in the months January to April were prosecuted under similar conditions. 
Thus, catch rates are comparable. These indicate that the 1973 mean Jan.-Apr. 
catch rate was the same as that for 1971 (0.23 m.t./hr.). up from that of 1972 
(0.20 m.t./hr.). 

In the Bay of Fundy, catch rates (metric tons/trip) are available for 
Canadian otter trawlers of 26-50 g.t. and 51-150 g.t. for Div. 4X-R and Div. 
4X-S separately for 1960-73 (table 9). This is a seasonal fishery with peak 
catches in the July-September period and almost no fishing activity during the 
months of January to March. The 9 month means (April-December) of the monthly 
mean catch rates are probably distorted for the first few years from 1960 as the 
fishery was expanding rapidly at this time with new boats entering the fishery. 
In Div. 4X-S, catch rates increased almost threefold between the 1960-62 period 
and 1966, then declined drastically through 1971. In Div. 4X-R. catch rates 
peaked in 1963, then again in 1966-68, declining by about 60% and 70% for 26-
SO g.t. vessels and 51-150 g.t. vessels respectively between 1968 and 1971. 
Closure of the directed fishery in November and December of 1972 when the fishery 
was virtually over is unlikely to have greatly affected the average catch rates 
for the 1972 fishery 8S a whole. Thus, a comparison with 1971 catch rates is 
probably valid. Catch rates continued to decline in Div. 4x-s but remained close 
to 1971 levels in Div. 4X-R in 1972. The 1973 values reflect bycatch rates only 
as the directed fishery was closed throughout the normal fishing season, and these 
cannot be taken as indicators of abundance. 

For the main Div. 4X haddock stock (i.e. excluding Div. 4X-S), taking 
commercial catch rates as indicators of stock abundance, abundance declined on 
the offshore banks from 1965 (USA data) or from 1967 (Canadian data) through 
1969 and probably this decline continued through 1972, 1973 abundance may have 
returned to the 1970-71 level. In Div. 4X-R, abundance declined from 1968 
to approximately 30%-40% of the 1966-68 abundance by 1971. In 1972, abundance 
was at about the same level as in 1971 and not greatly different from that in 
1970. Thus, after the substantial decline in abundance from the mid-1960's. 
abundance (by weight) may not have changed much from 1970 through the spring of 
1973. 

RESEARCH VESSEL SURVEY ABUNDANCE ESTIMATES 

Research vess~l surveys in Div. 4X have been conducted (using a strat-
Led-random survey des; gn) 1,y USA since 1963 and by Canada since 1970. Differ-

(" ces in gear uset:, arc<.l covered, ard timing of surveys, preclude direct com
pdrison of numbers ca\\ght per to,. r population estimates, between the two survey 
serie~. 1I8;.'ever, r~:~tive ye •. ~ claRs strengths and abundance trends within 

he two at I series can h'~ cllllpared and these show good agreement between Canadian 
ar 1 US •• ,.~rveys. 

Numb~r caught per tow in USA spr~ng surveys declined from 1968 through 
ij2 both f,)r all 'ge groups and for "adults" (age 4+)(table 10). In USA 

... u:::u~r. s1.1rv,=,~, i, ..)Ju1t.s ,...ieclined from }.967 through 1972 but total numbers/tow 
'lilled from 1963 through 1970, then 5ncrensed In both 1971 and 1972. Total 

no./tow in 1972 was comparable to the 1967 level. 

Numbers per age group per tow (table 11) indicate that the 1963 year 
class was 1,y far the most abundant in the data series, with the 1962 and 1959 
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year classes also being above average strength. Unfortunately, the 1963 and 
1964 surveys did not cover the same area as subsequent surveys. Thus. the 
strengths of year classes subsequent to that of 1963, when compared with it at 
age 0 and I, should be biased upward. They can be compared at ages 2 and 3 
although some distortion 1s introduced since these year classes were probably 
subjected to varying fishing intensities at these ages. Mean numbers per tow 
at ages 2 and 3, and at ages 0 and I, for 1963 and subsequent year classes were: 

Year class Mean no./tow % of Mean no./tow % of 
at ages 2 and 3 1963 y.c. at ages 0 and 1 1963 y.c. 

1963 23.6 (100) 48.6 (100) 
1964 2.0 (8 ) 3.1 (6) 
1965 1.3 (6 ) 0.9 (2) 
1966 2.5 (11) 2.1 (4) 
1967 0.8 (3) 0.6 (1) 
1968 1.9 (8 ) 3.2 (7) 
1969 5.0 (21) 7.4 (15) 
1970 0.0 (0) 
1971 15.1 (31) 

These comparisons give similar results indicating that: 

the 1964-68 year classes were relatively poor, probably being less than 10% 
of the strength of the 1963 year class, 

the 1969 year class is 15-20% of the strength of the 1963 year class. 

the 1970 year class is the poorest on record, 

and that the 1971 year class may be 30% as strong as that of 1963 and two 
times as good as that of 1969. 

Canadian surveys also reflect the strength of the 1963 year class which 
was the most abundant year class in 1970 although 7 years old (Table 12). As 
a-group haddock are not usually available to bottom trawls until autumn, haddock 
first become available to Canadian summer surveys at age 1. It is apparent from 
the data that substantial availability changes occur from year to year. This 
may, in part, be due to minor gear changes effected between 1970 and 1971 surveys, 
but this could not have been the only factor involved, as 1972 and 1973 surveys 
are probably also affected. Taking means of population estimates at ages 1 
and 2 to even out availability changes to some extent, the following mean popu
lation estimates are obtained: 

Year class Mean Population -6 % of 
at aaes 1 and 2 ~x10 ) 1969 Z·c. 

1969 11. 59 100 
1970 0.24 2 
1971 19.34 167 

These data confirm that the 1970 year class is extremely poor and indicate that 
the 1971 year class is two-thirds again as strong as that of 1969. 

The 1972 year class at age 0 in USA surveys and at age 1 1n Canadian 
surveys is comparable to the abundance of 1969 and 1971 year classes at these 
ages. There is insufficient information available to resolve which of these 
it more closely resembles in abundance. (Preliminary USA data for 1973 surveys 
indicate that it 1s comparable to the 1969 y.c. and that the 1973 y.c. is very 
poor - Brown, personal communication.) 

MORTALITY RATES 

Estimates of natural mortality, M, are not available for Div. 4X haddock. 
However, analyses of adjacent haddock stocks on Georges and on Sable Island 
banks give estimates of M - 0.20 (cited by Hennemuth (MS 1969) for Georges Bank 
haddock as "Previous studies have indicated --- M - 0.2"; from a regression 
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of total mortality, Z. on fishing effort for Sable Island Bank haddock by Halliday 
(1971». Thus, in this analysis M - 0.20 1s assumed for Div. 4X haddock. 

Estimates of Z were obtained from commercial and survey catch per 
effort data. Canadian commercial c.p.e. data for January-April in 1970-73 (pre
sented in table 8) were used to weight Canadian commercial catch age compositions 
for the same periods to give estimates of numbers at age caught per 100 hours 
fishing (Table 13). Estimates of Z between years was calculated from: 

year(x+1) 

year(x) 

giving estimates of Z for ages 5+ of 0.23 (1970-71), 0.81 (1971-72), and 0.31 
(1972-73). Similarly, USA and Canadian survey data (presented in tables 11 and 
12) give the estimates of Z presented in table 14. USA survey data indicate 

Zs+ - 0.69 in the 1963-70 period. Estimates for the 1970-73 period are particu1ar-

variable, mean values being ~5+ = 0.39 from USA surveys and Z5+ - 0.60 from 

Canadian surveys. The amount of variation in these data preclude much confidence 

being placed on the mortality estimates. The three independent estimates imply 

that in 1970-73, ZS+ was in the range 0.39 - 0.60. Thus, fishing mortality, 

F = 0.19 - 0.40, in 1970-73 was apparently lower than in 1956-61, F6+ = 0.53 

(Hennemuth et a1., 19&4), and in 1963-70, F
5
+ - 0.49. 

POPULATION NUMBERS AND MORTALITIES FROM COHORT ANALYSIS 

Numbers removed at age from table 5 were used to estimate population 
numbers and fishing mortalities (F) at age using Pope's cohort analysis (Pope, 
1972). Natural mortality, M - 0.20, fishing mortality in the last year of 
contribution to the fishery (age 13). F - 0.50, and fisbing mortality in the 
last calendar year (1973) equalling the mean for each age calculated for 1962-
72, were assumed. 

The values of F assumed for 1973, being essentially arbitrarily chosen. 
will create errors in estimates of F and population in moat recent years which 
will decrease in proportion to the errors in the initial assumption, in each 
preceeding year. Thus, population and F estimates for 1962-70 are not greatly 
affected by this assumption. 

Thus it is valid to conclude that the 1963 year class was the strongest 
recruiting to the fishery in this period. containing about 160 x· 106 fish at 
age 2; ~he 1959 and 1964 year classes were also strong, each containing about 
75 x 10 fish at age 2; the 1960 and 1961 year classes were poorer containing 
30 x 106 and 20 x 10 6 fi h 2 1 s at age respect vely; and that year classes of 1964-
1968 were even poorer containing 8 - 16 x 106 fish at age 2 (table 15). Average 
fishing mortality during 1962-70 was F • 0.42. slightly lower than that estimated 
rrom USA research vessel surveys for 1963~70 (ie F • 0.49). 

STOCK STATUS IN 1973 

In order to predict the effects of various management policies through 
1975, it is necessary to reach firm conclusions on population size and mortality 
in 1973. 
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The cohort analysis presented above used F - 0.41 for fully recruited 
age groups (age 5+) in 1973, which is about the same as that estimated for 
these age groups 1n 1962-70 (F - 0.42). Research vessel and commercial catch! 
effort data indicated that recent Fls were in the range 0.19-0.40. and that they 
were lower than those for earlier years. Thus, the F values used for 1973 are 
upper estimates. Thus, bias upwards in the Fig estimated for the immediately 
preccedlng years and underestimation of population size in these years and in 
1973, is more likely than the reverse. 

-6 Comparison of number. at age 2(xlO ) from cohort analysis for 1963-
68 year classes with USA survey catch per tow at ages 0-3 indicates close agree
ment in relative year clasB strengths (table 15 and p.5). Best agreement is with 
mean no./tow at ages 2 and 3. the ratio (cohort analysis no. at age 2/Burvey 
no. per tow at ages 2 and 3) being close to 7.0 for all year class comparisons 
(range 5.5 6 9.5». Extrapolating this to the 1969 year class gives an estimate 
of 35 x 10- fish at age 2(5.0 x 7.0). The comparable ratio with USA survey 
no/tow at ages 0 and I is more variable. However, both USA and C~nadian surveys 
estimate the 1970 year class to be very poor and the 1971 year class to be approx
imately twice that of 1969. USA surveys in 1973 confirm that the 1971 y.c. -
2 x 1969 y.c. (Brown, personal communication.) Again~USA surveys indicate that 
the 1972 year class is approximately equal to the 1969 year class, with first 
indications that the 1973 year class is poor. Thus, the following recruitment 
predictions are obtained for year classes at age 2: 

1969 y.c. - 35.0 x 10 6 

1970 y.c. - 1.5 x 106 (approximately from cohort analysis-table 15) 

1971 y.c. - 70 x 106 

1972 y.c. - 35.0 x 10 6 

1973 y.c. - 1.5 x 10 6 (assumed as poor as that of 1970) 

Using 1969-71 y.c. values as best estimates of recent year class 

strength, and taking 1973 F -O~l on ages 5-11 to give conservative estimates 
of population sizes at age for these ages, gives population numbers at the beginning 
of 1973 as shown in table 16. 

PROJECTED CATCH IN 1975 

Removals at age in 1973 (table 5) from this population imply revised 
F values for age 2-4 (table 16) and, with recruitment of 35 x 10 6 fish of the 
1972 y.c. at age 2, population numbers at the beginning of 1974 are as shown. 

Removals and mortality rate in 1974 are unknowns and essentially unestimat
able. Although the 1974 TAC is zero, the fishery remained partly open until 17 
March. However, directed catches can be expected to be lower than in 1973 when 
the fishery remained fully open until 6 May. Nevertheless. with a 5,000 lb. or 10% 
of catch bycatch exemption, and increased stock abundance, bycatches can be ex
pected to be greater. There are also reliable reports of substantial discards 
being made by Canadian vessels to avoid prosecution under the bycatch clause 
which is rigourously enforced on landings, but much less effectively enforced on 
catches. Thus. mortality in 1974 may not be substantially less than in 1973. 
The pessimistic assumption is made that 1974 mortality will be similar to that 
in 1973 (1 ••• F - 0.40 for ag.s 5+). 

These assumptions allow population numbers at the beginning of 1975 
to be calculated, with an estimated recruitment of 1.5 x 106 fish of the 1973 y.c. 
at age 2. 

A yield-per-recruit function has not been derived for this stock. For 
Div. 4VW haddock, Halliday (1971) determined that maximum yield-per-recruit was 
obtained at F - 0.50 (mean age at recruitment - 3.7 yrs.); and for Georges Bank 
haddock, Hennemuth (MS 1969) concluded that maximum long-term yield was obtained 
at a mean F - 0.50 (mean age at recruitment - approx. 2.75 yrs.). Thus, it is 
aS8umed that maximum yield-per-recruit for Div. 4X haddock is obtained at F -
0.50 also, which, given similarities in growth and recruitment patterns, is 
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probably a reasonable assumption. 

A •• uming a managemeut objective to maximise yield-per-recruit in 1975 
(l.e. '5+ - 0.50) the total allowable catch 1. eetimated to be 26,000 tona 

(table 16). (This aa8umes mean weight at age similar to that observed in 1973.) 

this analY8i8 is subject to error due to erroneous assumptions on P 
in 1973 and 1974. and to changes in mean weights at age between 1973 and 1975. 
However, errors from these sources are certainly much Bmaller than potential 
errors in a.BumptioDs on the strength of the 1969, 1971, and 1972, year classes. 

AS8uming the scaling of theae year class.s to that of 1963 1. erroneous. 
and that, .a indicated by USA Burveys of 0- and 1- group fish, the 1969 year 
class 1a only 15% as strong as that of 1963, the following year class Itrengths 
at age 2 are obtained: 

1969 y.c. • 25.0 x 106 

1970 y.c. · 1.5 x 10 6 

1971 y.c. · 50.0 x 10 6 

1972 y.c. · 25.0 x 106 

1973 y.c. • 1.5 x 106 

Using these values and other parameters 81 before, the predicted 1975 catch is 
19,000 tons. 

CONCLUSIONS 

The Dlv. 4X haddock stock has not been over-exploited in the sense 
that it has been subjected to unduly high exploitation rates. Mortality (F) 
on fully recruited age groups has been at or below the level giving maximum 
yield-per-recruit in the period 1962-73. The stock did experience recruitment 
failure, the 1964-68 year classes all being much weaker than those of 1959-63. 
This resulted in a substantial decline in stock abundance. This decline has 
been reversed with recruitment of the 1969 (and 1972) year classes which are 
probably comparable in abundance to those of 1960 and 1961, and of the 1971 year 
class which may be a8 strong as those of 1959 and 1962. However, occurrence of 
the very weak 1970 and 1973 year classes indicates that recruitment has not yet 
consistently returned to pre-1963 year class levels. 

If the management option is chosen to exploit the year classes now 
dominant in the population at the level maximising yield-per-recruit, 1975 re
movals should lie between 19.000 and 26,000 tons. The implications of this policy 
are largely dependent on future (post-1973 year class) recruitment. If 1974 
and subsequent year classes are substantially better than those currently in the 
fishery, i.e. thoBe of 1969-72, thia level of yield can probably be maintained. 
If 1974+ year classes are of similar strength. to those of 1969 and 1972. a 
reduction in catches to 15.000-20.000 tons in 1977 and 1978 will be nec •• sary 
to maintain F - 0.50. as the poor 1970 and 1973 year classes pass through the 
fishery. If 1974+ year classes return to the levels of those of 1964-68, a 
reduction in 1977 and 1978 catches to 11,000-14,000 tons will be necessary, and 
this decline will continue, stabilising at a level of approximately 8,000-9,000 
tons. 

It haa not yet been possible to examine in detail the implications of 
this policy on spawning stock size. Suc.h a study is complicated by changes in 
growth and age at maturity which appear to vary in relation to population abun
dance. In 1969, female haddock in Div. 4X were about 50% mature at a length of 
40 c.m., males at about 38 c.m. (personal observation). Thus, the spawning 
stock roughly consists of fish age 4 and older. Thus, the good year classes of 
1962 and 1963 were spawned by an adult biomass of approximately 70,000 and 90.000 
tons respectively, the poor 1967 year class from 135,000 tons, the extremely 
poor 1970 year class and the moderately good 1971 year class from 50,000 tons. 
Spawning stock sizes predicted using the two different recruitment level options 
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described above and fishing at F - 0.50 are: 

Calendar year low recruitment 

1973 42,000 

1974 32,000 

1975 54,000 

1976 56,000 

1977 

--------

38,000 

<D '® 
1978 29,000 38,000 

1979 26,000 42,000 

1980 24,000 44,000 

~ 1974+ year classes as atrong aa 1964-68. 

~ 1974+ year classes as strong a8 1969-72. 

hiBh recruitment 

50,000 

42,000 

74,000 

77,000 

~52,OOO 
® '® 

37,000 53,000 

31,000 59,000 

26,000 62,000 

Some increase in spawning stock s1ze in 1975 and 1976 18 11kely. but 
it will decline in 1977 to the 1973 level. Poor recruitment to the spawning 
stock in 1978 (i.e. of the 1974 year class) would result in further decline 
to the 1974 level which is the lowest in the data seriea. 

present 
Thus. a management objective to rebuild the spawning stock above the 

(1974) low level implies that F in 1975 should be below F 
max 

(It 18 assumed that the Div. SY haddock will contribute very little 
to the Div. 4X haddock fishery in the period discussed.) 

REFERENCES 

HALLIDAY, R. G. 1971. Recent events in the haddock fishery of the eastern 
Scotian Shelf. 
lCNAl Res. Bull., ! 49-58. 

HALLIDAY. R. G. MS 1973. Notes on the status of cod and haddock stocks of 
the Scotian Shelf. 
reNAl Res. Doc., 73/7, Serial No. 2909. 

HALLIDAY, R. G. and F. D. MCCRACKEN. 1970. Movement of haddock tagged off 
Digby, Nova Scotia. 
ICNAF Res. Bull., I : 8-14. 

HENNEMUTH, R. C. MS 1969. 
rCNAF Res. Doc., 

Status of the Georges Bank haddock fishery. 
69/90, Serial No. 2256. 

HENNEMUTH t R. C •• M. D. GROSSLEIN, and F. D. MCCRACKEN. 1964. Abundance, age 
composition of landings, and total mortality of haddock caught off 
southern Nova Scotia. 
ICNAF Res. Bull., 1 : 43-73. 

HEYERDAHL, E. G. MS 1972. Division 4X haddock stocks - status report. 1972. 
lCNAl Res. Doc., 72/21, Serial No. 2712. 

FlO 



- 10 -

MCCRACKEN, F. D. 1956. Cod and haddock tagging off Lock.port, N. S. 
Flsh. Res. Bd. Canada. Atlantic Pros. Rept., !! : la-IS. 

MCCRACKEN, F. D. 1960. Studies of haddock in the Passamaquoddy region. 
J. Fiah. Rea. Bd. Canada, !l : 175-180. 

MCKENZIE, R. A. 1940. The spring haddock Urun", Jordan Harbour, N. S. 
Piah. Res. Bde Canada. Atlantic Pros. Re~. 28 : 9-13. 

NEEDLER, A. W. H. 1930. The migrations of haddock and the interrelationships 
of haddock populations in North American water •• 
ContI'. Canadian BioI. Fiah., ~. ! : 243-313. 

POPE, J. G. 1972. An investigation of the accuracy of virtual population 
ana1Y818 using cohort analysis. 
lCNAF Res. Bull., ! : 65-74. 

SCHULTZ, R. L. and R. G. HALLIDAY. HS 1969. Abundance, age composition and 
survival of haddoek from southern Nova Scotian grounds 1962-1968. 
lCNAF Ree. Doc., 69/86, Serial No. 2252. 

Fll 



- 11 -

Table 1. ICNAF D1v. 4X haddock - nominal catches (metric tons round) • 

Year Canada Spain USSR USA Others Total 

1954 7,124 14,613 21,737 
1955 8,709 12,067 20,776 
1956 9,251 12,130 21,381 
1957 9,862 7,296 17,158 
1958 9,695 12,141 21,836 
1959 9,807 5,465 15,272 
1960 7,946 8,315 16,261 
1961 8,556 9,306 17,862 
1962 11,537 6,388 17,925 
1963 16,763 400 7,223 28 24,414 
1964 26,343 1,108 8,488 40 35,979 
1965 22,740 2,582 3,685 29,007 
1966 29,543 143 10,065 2,473 42,224 
1967 32,012 78 199 5,014 37,303 
1968 28,837 116 335 3,156 36 32,480 
1969 28,074 473 1,830 19 30,396 
1970 16,012 370 2 1,743 12 18,139 
1971 16,404 347 97 751 1 17,600 
1972 12,570 470 10 448 1 13,499 
1973- 12,680 108 13 272 3 13,076 

-Preliminary 

Table 2. ICNAF Div. 4X haddock - Canadian nominal catches (metric tons 
round) by gear type. 

Otter Line Danish Gil1- Shrimp 
~ trawl (LL + HL) seine ~ trawl Total 

1956 2,625 6,626 9,251 
1957 3,867 5,995 9,862 
1958 4,347 5,348 9,695 
1959 4,076 5,731 9,807 
1960 3.890 4,056 7,946 
1961 4,175 4,381 8,556 
1962 7,813 3,724 11,537 
1963 12,063 4,700 16,763 
1964 20,532 5,811 26,343 
1965 18,048 4,692 22,740 
1966 25,800 3,743 29,543 
1967 28,696 3,108 208 32,012 
1968 25,515 2,997 99 226 28,837 
1969 24,333 3,302 195 242 2 28,074 
1970 11,750 3,907 211 86 58 16,012 
1971 12,152 3,940 198 72 42 16,404 
1972 7,586 4,841 55 58 30 12,570 
1973 6,097 6,402 38 143 12,680 
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Table 3. IeNAl Div. 4X haddock-nominal catches (me t r ie tona round) by 
"Statistical areas'l 

Total 
Year Countrl 4X-M,N,O,P,g 4X-R 4X-S ~ exel. 4X-S 

1962 Canada 4,154 5,964 1,419 11,537 
USA 5,467 294 627 6,388 

Total 9,621 6,258 2,046 17,925 15,879 

1963 Canada 7,773 6,612 2,378 16,763 
USSR 400 400 
USA 5,829 568 826 7,223 
Others 28 28 

Total 14,030 7,180 3,204 24,414 21,210 

1964 Canada 19,231 5,237 1,875 26,343 
USSR 1,108 1,108 
USA 7,332 245 911 8,488 
Others 40 40 

Total 27,711 5,482 2,786 35,979 33,193 

1965 Canada 15,305 5,257 2,178 22,740 
USSR 2,582 2,582 
USA 1,898 552 1,235 3,685 

Total 19,785 5,809 3,412 29,007 25,594 

1966 Canada 14,544 10,948 4,051 29,543 
Spain 143 143 
USSR 10,065 10,065 
USA 1,179 213 1,081 2,473 

Total 25,931 11,161 5,132 42,224 37,092 

1967 Canada 18,944 10,154 2,914 32,012 
Spain 78 78 
USSR 199 199 
USA 2,508 433 2,073 5,014 

Total 21,729 10,587 4,987 37,303 32,316 

1968 Canada 20,121 7,156 1,560 28,837 
Spain 116 116 
USSR 335 335 
USA 2,449 408 299 3,156 
Others 36 36 

Total 23,057 7,564 1,859 32,480 30,621 

1969 Canada 22,722 4,697 655 28,074 
Spain 473 473 
USA ... 1,372 275 183 1,830 
Others 19 19 

Total 24,586 4,972 838 30,396 29,558 
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Table 3. (continued) 

Total 
~ Countrl 4X-M,N,O,P,g 4X-R ~ Total excl. 4X-S 

1970 Canada 12,942 ~ ,619 451 16,012 
Spain 370 370 
USSR 2 2 
USA 1,570 64 109 1,743 
Others 12 12 

Total 14,896 2,683 560 18,139 17,579 

1971 Canada 13,866 2,198 340 16,404 
Spain 347 347 
USSR 97 97 
USA 609 45 97 751 
Others 1 1 

Total 14,920 2,243 437 17,600 17,163 

1972 Canada 10,493 1,901 176 12,570 
Spain 470 470 
USSR 10 10 
USA 384 25 39 448 
Others 1 1 

Total 11,358 1,926 215 13,499 13,284 

1973 ~ Canada 11,180 1,400 100 12,680 
Spain 108 108 
USSR 13 13 

USA '" 233 15 24 272 
Others 3 3 

Total 11,537 1,415 124 13,076 12,952 

~ Prorated among areas on 1968 data 

~ Prorated among areas on 1972 data 

~ Preliminary statistics 
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Table 4. 

Year Div 
O.T. 

1962 2 
1963 6 
1964 10 
1965 14 
1966 13 
1967 35 
1968 42 
1969 52 
1970 23 
1971 23 
1972 24 
1973 17 

- 14 -

ICNAF Div. 4X haddock - inventory of 
Canadian commercial samples. 

4X-MNOPg Div 4X-R 
Line O.T., Line 

11 
9 9 

10 1 
2 7 
3 11 

7 
6 
3 
3 

3 5 
8 2 2 
9 4 

!ll!.!. 

13 
24 
21 
23 
27 
42 
48 
55 
26 
31 
36 
30 
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Table 8. leNAF Div. 4X haddock - Catch rates (metric tons per hour) 
of Canadian side otter trawlers of 151-500 gross tons on 
Browns-LaHave banks (Div. 4X-NOP) for those trips when the 
main species caught was haddock. 

Month 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 

Jan. .31 .41 .15 .27 .32 .42 .22 .18 .17 .18 .19 
Feb. .44 .48 .30 .39 .35 .43 .33 .20 .21 .23 .22 
Mar. .56 .56 .47 .52 .44 .43 .51 (.17)-> (.29 )Ll- (.17)11- (.27 ),!.-
Apr. .69 .56 .51 .42 .49 .36 .41 (.25).1- (.23)-> (.19)11- (.24 ),!.-
May .27 .56 .39 .38 .40 .30 .24 .39 .29 (.13).!- (.H)II-
June 1. 47 .45 .30 .38 .30 .23 .22 .34 .22 .22 (.31)-> 
July .61 .33 .19 .30 .22 .24 .16 .19 .19 .21 (.19)J-
Aug. .41 .33 .31 .29 .28 .24 .23 .09 .18 .13 (.15)l-
Sept. .37 .32 .25 .25 .21 .26 .24 .32 .17 .16 (.08)J-
Oct. .34 .26 .31 .27 .24 .17 .16 .11 .12 .10 (.15)J-
Nov. .24 .19 .21 .22 .17 .17 .21 .10 .11 (.13)~ (.06).3 
Dec. .21 .21 .19 .20 .23 .10 .12 .11 .14 (.11)'>- (.20)01 

Mean .49 .39 .30 .32 .30 .28 .25 (.20) (.19 ) ( .16) (.19) 
(J an-Dec) 

Adjusted for seasonal closure - .22 .20 .18 

Mean (Jan-Apr) .20 .23 .20 .23 

.l- Season-area closure 

~ Quota closure 

Table 9. ICNAF Div. 4X haddock - catch rates (metric tons/trip) of 
Canadian otter trawlers of 26-50 g. t. and 51-150 g. t- in 
Div. 4X-R and Div. 4x-s for 1960-73. April-December (9 month) 
means of monthly values. 

Div. 4X - R Div. 4X - S 

Year 26-50 s. t. 51-150 8 ot • 26-50 Sot. 51-150 8i' t • 

1960 0.79 1. 46 1. 14 2.75 
1961 1.00 1. 70 1. 27 2.19 
1962 2.13 2.57 1. 58 2.37 
1963 4.39 5.14 2.20 3.13 
1964 2.41 2.68 2.67 2.41 
1965 1. 99 2.75 2.84 4.45 
1966 2.36 3.75 3.66 5.81 
1967 2.45 3.66 2.74 4.89 
1968 2.32 3.70 1. 93 2.89 
1969 1. 50 2.18 1. 08 1. 5 3 
1970 1.17 1.19 0.59 1.22 
1971 0.98 1.10 0.42 0.79 
1972 '" (0.87) (1.23) (0.34) (0.39) 
1973 J. (0.51) (0.88) (0.20) (0.27) 

" Directed fishery closed in November and December 

J. Directed fishery closed from May to December 
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Table 10. lCNAl Div. 4X haddock - U.S.A. research vessel survey 
numbers per tow from' Browns-LaHave banks (USA Strata 31-
34 for 1963-64, USA Strata 31-34, 41-42 for 1965-72.) 
Data for 1963-1971 spring from Heyerdahl (MS 1972). Data 
for 1971 spring and 1972 from Hennemuth (personal communication) . 

Spring Autumn 

Year Total Ase 4+ % of total Total ASie 4+ % of total 

1963 193 34 18 

1964 44 13 30 

1965 55 13 24 

1966 39 14 36 

1967 37 30 81 

1968 28 25 89 21 14 66 

1969 28 15 54 23 5 23 

1970 29 18 59 14 6 45 

1971 23 14 59 23 6 26 

1972 18 8 43 36 4 11 

1973 

Table 11. lCNAF Div. 4X haddock - USA autumn research vessel survey numbers 
per tow at age from Browns-LaHave banks. (Credits as for table 
10) ( *-excludes LaHave Bank. ) 

AGE 

~ 0 _1_ 2 3 4 _5_ 6 _7_ 8 _9_ 

1963* 83.1 46.8 15.6 14.0 19.4 7.5 3.2 1.5 1.2 0.8 

1964* 0.2 14.1 10.6 3.4 4.4 7.1 2.1 0.6 0.7 0.3 

1965 0.5 6.0 25.7 9.7 3.5 3.2 4.1 1.2 0.3 0.4 

1966 0.7 1.2 1.5 21. 4 7.1 2.2 1.5 2.2 0.8 0.5 

1967 0.1 3.5 1.3 2.5 22.9 4.3 1.0 0.9 0.5 0.2 

1968 2.2 1.0 2.8 1.2 0.4 9.1 3.2 0.4 0.4 0.6 

1969 10.3 4.2 0.8 2.2 0.3 0.1 2.9 1.2 0.1 0.3 

1970 0 4.5 2.2 0.7 1.3 0.2 0.7 2.4 0.8 0.3 

19 Jl 9.5 + 5.8 1.6 0.7 1.0 0.2 0.1 2.6 O.B 

1972 7.4 20.6 0.2 4.2 1.3 0.3 0.6 0.1 0.1 1.2 

1973 
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Table 12. ICNAF Div. 4X haddock - Canadian summer research vessel survey 
population estimates at age from all of Div. 4X (xlO- 6 ). 

AGE 

Year 0 _ 1_ _2 _ _ 3_ 4 5 6 _7 _ 8 ....2±.... 

1970 7. 99 6.43 1. 88 3.55 1. 45 3.25 8.48 1.19 1. 06 

1971 0.16 15.19 6.48 2.93 4.23 1. 99 3.03 8.37 1. 39 

1972 7.25 0.32 4.60 1. 99 1. 28 1. 40 0.91 1. 45 2.32 

1973 8.16 31.43 0.80 4.10 1. 94 0.75 1. 05 0.79 1. 41 
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Table 14. ICNAF Div. 4X haddock - total inatantataneOU8 mortality estimate 
(z) from Canadian and USA research vessel catch rates at age 
given in tables 11 and 12 and from Canadian commercial catch rates 
as given in table 13. 

USA Burve:!B Canadian survel8 Can. Comm. cEe 

Years Ases 4-5 Alea 5+ Ases 4-5 Asea 5+ Ales 5+ 

1963-64 1.01 1. 29 

1964-65 0.32 0.56 

1965-66 0.46 0.57 

1966-67 0.50 0.95 

1967-68 0.92 0.38 

1968-69 1. 39 1. 07 

1969-70 0.41 0.02 

1970-71 0.26 0.10 (-0.18) 0.04 0.23 

1971-72 0.85 0.67 0.83 1.14 0.81 

1972-73 0.03 0.61 0.31 

z1970-73 
0.56 0.39 0.23 0.60 0.45 
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