Serial No.

International Commission for

3327

(D.c.3)

RESTRICTED

the Northwest Atlantic Fisheries

ICNAF Res.Doc. 74/91

ANNUAL MEETING - JUNE 1974

Current status of the ICNAP Div. 4X%
haddock stock

by

R. G, Halliday

Fisheries and Marine Service
Biological Station
St. Andrews, N. B.
Canada

INTRODUCTION

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 al. (1964), and for the 1962 - 68 period

by Schultz and Halliday (MS 1969)., Commercial landings, population estimates
and mortality rates from USA research vessel surveys through 1971 are reviewed
by Heyerdahl (MS 1972) and similar data from Canadian regearch vessel msurveys
in 1970-72 by Haliiday (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 arcas 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-
§) 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 Diwv.
3Y spawning stock:

(2) haddock occurring on the southeastern side of the Bay of Fundy (Div. 4X-
R) in the summer and avtumn 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-0) in the summer

and autumn predominantly milgrate southwards te the Browns Bank area for
the winter-spring months, returning the following gummer:
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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 twao
sides 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
al. (l964), size and age compositions of commerclal catches (Hennemuth et al.,
(1964}, and in abundance as lmpliied by catch rates of commercial trawlers (see
table 9).

On the basis of the above evidence, haddock caught in Div. 4X-5 are
excluded from the analysis of the main Div. 4X haddock stock. Landings from
inshore stocks 1in the remainder of the Division cannot be distinguished 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 Diviaifon
are avallable only since the early 1950's, less reliahble landings statistics for
Div. 4X haddock back to 1931 have been extracted from Canadian and USA national
statistical digests (Schultz and Malliday, MS 1969). Average landings in the
period 1931-60 are estimated to have been:

1931-40 18,000 m.t., {(range 15-22,000 m.t.)

1941-50 14,000 m.,t. {range 8-19,000 m.t.) (lowest in war years)
1951-60 19,000 m.t. {(range 15-20,000 m.t.)

1931-60 17,000 m.t.

Declining USA landings in the 1960'a 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:

Quota
Year Quota (m.t.) Closed Season Landings (m.t,) Closure date
1970 18,000 March - April 18,139 Not closed
1971 18,000 March - April 17,600 Not closed
1972 9,000 March -~ May 13,499 10 October
1973 9,000 March - May(Preliminary)13,076 6 May
1974 Nil March - May ———— N/A

The closed area enforced in 1970-71 was reduced in size for 1972-74 to exclude
deep-water regiong, and thus minimise Interference with silver hake and argentine
fisheries.

All non-Canadian haddock catches were made using trawl gear (at least
&ince 1955). However, a substantial portion of Canadian catches have been made
by longline and handline, and small propertions by Danish seine, gillnet, and
shrimp trawl (Table 2). (In table 2 the "line" category includes small catches
by inshore gears guch as traps, and possibly also small quantities of Danish
seine and gillnet catches prioxr to 1967.)

As noted above, haddock caught in Div. 4X-5 can appropriately be assign-
ed to the Div. 3Y stock, Landlags from Div, 4X-5 were about 2,000 m.t. in 19562,
inereasing 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 wm.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 spein and the
USSR. Thus, their landings are adjusted on the basis of Canadian and USA samples,

Hennemuth et al. (1964) observe that Div. 4X-R haddock landingas 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 landinge are also weighted separately when samples are available.
Small Canadian Danish seine and shrimp trawl landings are combined with Canadian
otter trawl landings, and gillnet 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. Thus, USA landings composition
for the 1962-64 period were taken from the analysis by Schultz and Halliday
(MS 1969). From 1965, USA landings were prorated onm Canadlan 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 propoertion 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-§ are glven
in Table 4.

Rumbers 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). Haddock aged
1 and 2 contribute little to the fishery, although 1973 landings of 2 year olds
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 welight, and
in 1967 and 1968 they formed almost 80%. The 1963 year class at 10 years old
8till contributed significantly to the 1973 fishery.

COMMERCIAL CATCH 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 1a
based on relatively small amounts of effort.

US landings/ Can. landings/ US landings/ Can, landings/

Year day fished hr, fished Year day filahed hr. fished

(m.t,)* (m.t.) (m.t.)* (m.t.)
1956 11.0 - 1965 6.5 +30
1957 8.4 - 1966 4.7 .32
1958 8.7 - 1967 5.4 «30
1959 5.6 - 1968 4.5 +28
1960 6.9 - 1969 3.4 +25
1961 6.7 - 1970 (3.2) (.20)
1962 7.3 - 1971 (2.5) (.19)
1963 6.5 459 1972 {3.3) {.16)
1964 7.5 .39 1973 -—- (.19)

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

Canadian catch per effort for side otter trawlers of 151-500 gross tons fishing
haddock in Div., 4X-NOP (Browns-LaHave banks) is available from 1963 (see above

and table B). 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./day,
dropping in 1959. 1In 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 n.t,/day
in 1969. Under regulation, catch rates averaged 3,0 m.t,/day in 1970-72.
Canadlan 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,
Thus, there is a trend of declining abundance between 1965 and 1969 which ls 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 cateh
rates in the 1970-73 period. Adjusting catch rates in 1970-72 by the ratio of
catch rates during montha 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 pericd (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 war 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.
4¥X-5 separately for 1960~73 (table 9). This is a seasonal fishery with peak
catches in the July-September period and almest 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-5, 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-
50 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 1s unlikely to have greatly affected the average catch rates
for the 1972 fishery as a whole. Thus, a comparison with 1971 catch rates is
probably valid., Catch rates continued to decline in Div. 4X-5 but remained close
to 1971 levels in Div. 4X-R in 1972. The 1973 values reflect bycateh 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-5), 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, 1In 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
1971.

RESEARCH VESSEL SURVEY ABUNDANCE ESTIMATES

Regearch vessel surveys in Div., 4X have heen conducted (using a strat-
‘ied-random survey des'pgn) Ly USA since 1963 and by Canada since 1970, Differ-
c.ces in gear used, arcua covered, ard timing of surveys, preclude direct com-
parison of numbers caught per tei, -r population estimates, between the two survey
serles, Ilowvever, rz2lative ye.r clacs strengtha and abundance trends within
he two at. serles cam b: coupared and these show good agreement between Canadian
arl USa carveys.

Number caught per tow in USA spring surveys declined from 1968 through
72 both for all nge groups and for "adults" (age 4+)(table 10). 1Im USA
wJdLUML SUurve; s, adults declined from 1967 through 1972 but total pumbers/tow
"lined from 1963 through 1970, then increased In both 1971 and 1972. Total
nc./tow in 1972 was comparable to the 1967 level,

Numbers per age group per tow (table 11) indicate that the 1963 year
class was by 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 1, should be bilased upward. They can be compared at ages 2 and 3
although some distortion is 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 1, for 1963 and subsequent year classes were:

Year class Mean no./tow X of Mean no./tow % of
at ages 2 and 3 1963 y.c. at ages 0 and 1 1963 v.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 102
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 1s the poorest on record,

- and that the 1971 year class may be 307 as strong as that of 1963 and two
times a&s 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
O-group haddock are mot usually availlable to bottom trawls until autumn, haddock
first become available to Canadlan summer surveys at age 1. 1Tt 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 avallability changes to some extent, the following mean popu-
lation estimates are obtained:

Year class Mean Population -6 % of
at ages 1 and 2 (x10 ) 1969 yv.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 clasas is two-thirds again as stromg as that of 1969,

The 1972 year class at age 0 in USA surveys and at age 1 in Canadian
surveys is comparable to the abundance of 1969 and 1971 year classes at these
ages. There is insufficlent information available to resolve which of these
it more closely resembles in abundance. (Preliminary USA data for 1973 surveys
indicate that it is comparable to the 1969 y.c. and that the 1973 y.c. 18 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 studiee have indicated --- M = 0,2"; from a regression

F6



of total moxrtality, Z, on fishing effort for Sable Island Bank haddock by Halliday
{1971)). Thus, in this analyseis M = 0,20 is assumed for Div. 4X haddock,

Estimates of Z were obtained from commercial and survey catch per
effort data. Canadian commercial ec,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:

I'?* ¥ year{x+l)

2 = -loge age=6

I'?2 N year(x)
age=5

glving 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

E5+ = 0.69 in the 1963-70 period, [stimates for the 1970-73 period are particular-
variable, mean values being I5+ = 0.39 from USA surveys and i5+ = 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, Z_. was in the range 0.39 - 0,60. Thus, fishing mortality,

5+

F = 0.19 - 0.40, ia 1970-73 was apparently lower than in 1956-61, F,, = 0,52

6+

(Hennemuth et al., 1964), and in 1963-~70, Fs+ = 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 mertality in the last year of
contribution to the fighery (age 13), F = 0.50, and fishing 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 eatimates of F and population in most 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 23 Ehe 1959 and 1964 year classes were also strong, each containing about
75 x 107 fish at age 2; the 1960 and 1961 year classes were poorer containing

30 x 106 and 20 x 106 fish at a2ge 2 respectively; and that year classes of 1964~
1968 were even poorer containing 8 - 16 x 10% fish at age 2 (table 15). Average
fishing mortality during 1962-70 was F = 0,42, slightly lgwer than that eatimated
"vrom USA research vesael 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 18 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 in 1962-70 (F = 0,42). Research vessel and commercial catch/
effort data indicated that recent F's 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 F's estimated for the immediately
precceding years and underestimation of population size in these years and in
1973, is more likely than the reverse.

Comparison of numbers at age Z(x10_6) from cohort analysils for 1963-
68 year classes with USA survey catch per tow at ages 0-3 indicates close agree-
ment in relative year clase strengths (table 15 and p.5). Best agreement is with
mean no./tow at ages 2 and 3, the ratilo (cohort analysis no. at age 2/survey
no. per tow at ages 2 and 3) being close to 7.0 for all year class comparisons
(range 5.5 - 9,5)). Extrapolating this to the 1969 year class gives an estimate
of 35 x 10"Y fish at age 2(5.0 x 7.0). The comparable ratio with USA survey
noftow at agesa O and 1 is more variable. However, both USA and Canadian surveys
estimate the 1370 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.) Agaln 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°

1970 y.e. = 1.5 x 10% (approximately from cohort analysis-table 15)
1971 y.c. = 70 x 108

1972 y.e. = 35.0 x 10°

1973 y.ce = 1l.5 % 106 (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 =041 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,

FPROJECTED 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% fish of the
1972 y.c. at age 2, populatiocn 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 1b. or 10%
of catch bycatch exemption, and increased stock abundance, bycatches can be ex-
pected to be greater. There are a2lso reliable reports of substantial discards
being made by Canadian vessels to avoid prosecution under the bycatech clause
which 1is rigourously enforced on landings, but much less effectively enforced on
catchea, 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 (i.e. F = 0,40 for ages 5+).

These assumptions allow population numbers at theﬁbeginning of 1975
to be calculated, with an estimated recruitment of 1,5 x 10" fish of the 1973 y.c.
at age 2. :

A yleld-per-recrult function has not been derived for this stock. For
Div. 4VW haddock, Halliday (1971) determined that maximum yleld-per-recruit was
obtained at F = 0.50 {(mean age at recruiltment = 3,7 yra.); and for Georges Bank
haddock, Hennemuth (MS 1969) concluded that maximum long-term yield was obtained
at 8 mean F = 0,50 (mean age at raeacruitmeant = approx. 2.75 yrs.). Thus, it is
assumed that maximum yield~per-recruit for Div. 4X haddock 18 obtained at F =
0.50 also, which, given similarities in growth and recruitment patterns, is
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probably a reasonable assumption.

- Assunming a management objective to maximise yield-per-recruit in 1975
(1.e. F5+ = 0.50) the total allowable catch ims estimated to he 26,000 tons

{table 16), (This assumes mean weight at age similar to that observed in 1973,)

This analysis is subject to arror due to erroneous aggsumptions on F
in 1973 and 1974, and to changes in mean weights at age between 1973 and 1975.
However, errors from these sources are certainly much smaller than potential
errord in assumptions on the strength of the 1969, 1971, and 1972, year classes.

Assuming the scaling of these year classes to that of 1963 is erroneous,
and that, as indicated by USA surveys of 0- and 1- group fish, the 1969 year .
class 18 only 15% as strong as that of 1963, the following year class strengths
at age 2 are obtained:

1969 y.c. = 25.0 x 10°

1970 y.c. = 1.5 x 106
1971 v.e. = 50,0 x 106
1972 y.c, = 25.0 x 10%

1973 y.c. = 1,5 x 106

Using these values and other parameters as befora, tha predicted 1975 catch is
19,000 tons.

CONCLUSIONS

The Div. 4X haddock stock has not been over-exploited im 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
yleld-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 ag stromg as those of 1959 and 1962, However, occurrence of
the very weak 1970 and 1973 year clasmes indicates that recruitment has not yet
conelatently 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 yileld~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. those of 1969-72, this level of yield can probably be maintained.
If 1974+ year clasces are of similar strengths to thaose of 1969 and 1972, a
reduction in catches to 15,000-20,000 tons in 1977 and 1978 will be necessary
to maintain F = 0,50, as the poor 1970 and 1973 year clasees 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 tone will be necassary, and
this decline will continue, stabilising at a level of approximately 8,000-9,000
tons.

It has not yet been possible to examine in detail the implications of
this policy on spawning stock size. Such 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 507 mature at a length of
40 c.m., males at about 38 c.m. (personal observation). Thus, the spawning
stock roughly coneists 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 extramely
poer 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 abeve and fishing at F = (.50 are:

Calendar year low recruitment high recruitment
1973 42,000 50,000
1974 32,000 42,000
1975 54,000 74,000
1976 56,000 77,000
1977 38,000 52,000

@ L ] \@ @/ ' \@

1978 29,000 38,000 37,000 53,000
1979 26,000 42,000 31,000 59,000
1980 24,000 44,000 26,000 62,000

@ 1974+ year classes as strong as 1964-68.

® 1974+ year classes as strong as 1969-72.

Some increase in spawning stock aize im 1975 and 1976 ia likely, but
it will decline in 1977 to the 1973 level. Poor recruitment to the apawning
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 series.

Thus, a management objective to rebuild the spawning astoeck above the
present (1974) low level implies that F in 1975 should be below Fmax'

(Xt is assumed that the Div. 5Y haddock will contribute very little
to the Div. 4X haddock fishery in the period discussed.)
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ICNAF Div. 4X haddock - nominal catches (metric tons round),

Canada Spain USSR USA Others Total
7,124 - - 14,613 - 21,737
8,709 - - 12,067 - 20,776
9,251 - - 12,130 - 21,381
9,862 - - 7,296 - 17,158
9,695 - - 12,141 - 21,836
9,807 - - 5,665 - 15,272
7,946 - - 8,315 - 16,261
8,556 - - 9,306 - 17,862

11,537 - - 6,388 - 17,925

16,763 - 400 7,223 28 24,414

26,343 - 1,108 8,488 40 35,979

22,740 - 2,582 1,685 - 29,007

29,543 143 10,065 2,473 - 42,224

32,012 78 199 5,014 - 37,303

28,837 116 335 3,156 36 32,480

28,074 473 - 1,830 19 30,396

16,012 170 2 1,743 12 18,139

16,404 347 97 751 1 17,600

12,570 470 10 448 1 13,499

12,680 108 13 272 3 13,076

*
Preliminary

Table 2.

Year

1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973

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

Otter Line Danish Gill- Shrimp

trawl (LL + HL) seine net trawl Total
2,625 6,626 - - - 9,251
3,867 5,985 - - - 9,862
4,347 5,348 - - - 9,695
4,076 5,731 - - - 9,807
3,890 4,056 - - - 7,946
4,175 4,381 - - - 8,556
7,813 31,724 - - - 11,537
12,063 4,700 - - - 16,763
20,532 5,811 - - - 26,343
18,048 4,692 - - - 22,740
25,800 3,743 - - - 29,543
28,696 3,108 208 Co- - 2,012
25,515 2,997 99 226 - 28,837
24,333 3,302 195 242 2 28,074
11,750 3,907 211 86 58 16,012
12,152 3,940 198§ 72 42 16,404
7,586 4,841 55 58 30 12,570
6,097 6,402 k] 143 - 12,680

Fl12
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Total

excl, 4X%X-8S

15,879

21,210

33,193

25,596

37,092

32,316

30,621

Table 3, ICNAF Div, 4X haddock-nominal catches (metric tons round) by
"statistical areas"
Year Country 4X~M, N,0,P,Q 4X-R 4X-8 Total
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
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
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
Tatal 27,711 5,482 2,786 35,979
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
1966 Canada 14,544 10,948 4,051 29,5343
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
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 21,72% 10,587 4,987 37,303
1968 Canada 20,121 7,156 1,560 28,837
Spain 116 - - 116
USSR 335 - - iis
UsSA 2,449 408 299 3,156
Othera 36 - - 36
Total 23,057 7,564 1,859 32,480
1969 Canada 22,722 4,697 655 28,074
Spain 473 - - 473
Usa W 1,372 275 183 1,830
Othera 19 - - 19
Total 24,586 4,972 838 30,396

F13
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Year

e 3. (continued)

Country

1970

1971

1972

1973

v
&

N

Canada
Spain
USSR
USA
Others

Total

Canada
Spain
USSR
USA
Others

Total

Canada
Spain
USSR
USA
Others

Total

Canada
Spain
USSR

usa ¥
Others

Total

Prorated among areas on 1968 data

-13 -

Total
4X-M N,0,P,0 4X-R 4X-5 Total excl, 4%X-§
12,942 2,619 451 16,012
370 - - 370
2 - - 2
1,570 64 109 1,743
12 - - 12
14,896 2,683 560 18,139 17,579
13,866 2,198 340 16,404
347 - - 347
97 - - 97
609 45 97 751
1 - - 1
14,920 2,243 437 17,600 17,163
10,493 1,901 176 12,570
470 - - 470
10 - - 10
384 25 a9 448
1 - - 1
11,358 1,926 215 13,499 13,284
11,180 1,400 100 12,680
108 - - 108
13 - - 13
233 15 24 2712
3 - - 3
11,537 1,415 124 13,076 12,952

Prorated among areas on 1972 data

Preliminary statistics

F1l4
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Table 4. ICKAF Div. 4X haddock - inventory of
Canadian commercial samples,

Year Div 4X-MNOPQ Div 4X-R Total
0.T. Line 0.T., Line
1962 2 - 11 - 13
1963 6 9 9 - 24
1964 10 10 1 - 21
1965 14 2 7 - 21
1966 13 3 11 - 27
1967 35 - 7 - 42
1968 42 - 6 - 48
1969 52 - 3 - 55
1970 23 - 3 - 26
1971 23 3 5 - 31
1972 24 8 2 2 36
1973 17 9 4 30
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Table 8. ICNAF Div. 4X haddock - Catch rates (metric toms per hour)

of Canadian side otter trawvlers of 151-500 gross tons on

Erowns-LaHave banks {Div. 4X-NOP) for those trips when the

main species caught was haddeck.
Month 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973
Jan. .31 N3] .15 .27 .32 42 .22 .18 .17 .18 .19
Feb. . b4 .48 .30 .39 .35 .43 .33 .20 W21 .23 .22
Mar. .56 .56 A7 .52 Y L43 L5100 (L1708 (L2908 (L17) (L2700
Apr. .69 .56 .51 42 .49 .36 W41 (.25 (.23)¥ (L19)% (L24)
May .27 .56 .39 .38 .40 .30 024 .39 .29 (.13} (.22
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
Aug. A4l .33 .31 .29 , 28 .24 .23 .09 .18 .13 (.15)¢&
Sept, .37 .32 .25 .25 .21 .26 24 .32 .17 .16 (.08)¢
Oct., L34 .26 .31 .27 .24 .17 .16 W11 .12 .10 (.15)%
Nov. .24 .19 .21 .22 .17 .17 .21 .10 .11 (.18 (.06)3
Dec. .21 .21 .19 .20 .23 .10 .12 .11 .14 (.11)% (.20)3
Mean .49 .39 .30 .32 .30 .28 .25 (.20) (.19) (.16) (.19)
(Jan-Dec)

Adjusted for seasonal closure = .22 .20 .18 -
Mean (Jan-Apr) = ,20 .23 .20 .23

L Season-area closure

< Quota closure

Table 9.

Year

1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972 <
1973 &

Div. 4X-R and Div,
meana of monthly values,
Div. 4X - R
26-50 g.t. 51-150 g.t,.
0.79 1.46
1.00 1.70
2.13 2.57
4.39 5.14
2,41 2.68
1.%9 2.75
2,36 3.75
2,45 3.66
2.32 3,70
1.50 2,18
1.17 1.19
0.98 1.10
(0.87) (1.23)
(0.51) (0.88)

and 51-159 g.t.
April-December (9 month)

ICNAT Div. 4X haddock - catch rates (metric tons/trip) of
Canadian otter trawlers of 26-50 g.t.
4X-5 for 1960-~-73,

in

Div, 4X - §
26-50 g.t. 51-150 g.t,
1,14 2.75
1.27 2.19
1.58 2.37
2.20 3.13
2.67 2.41
2,84 &,45
3.66 5.81
2.74 4.89
1,93 2.89
1.08 1.53
0.59 1.22
0.42 0,79
(0.34) (0.39)
(0.20) {0.27)

v Directed fishery closed in November and December

¥ Directed fishery closed from May to December
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Table 10. ICNAF Div. 4X haddock - U.S.A. research vessel survey
numbers per tow from Browns-LaHave banke (USA Strata 31-
34 for 1963-64, USA Strata 31-34, 41-42 for 1965-72.,)
Data for 1963-1971 apring from Heyerdahl (MS 1972). Data
for 1571 spring and 1972 from Hennemuth (personal communication).

Spring Autumn

Year Total Age 4+ % of total Total Age 4+ 2 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 B9 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. ICNAF Div. 4X haddock ~ USA autumn research vessel survey numbers
per tow at age from Browns-LaHave banks. (Credits as for table
10) ( *-excludes Lalave Bank.)
AGE

Year o 1 2 3 4 5 & 1. 8 9
1963% B3.1 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 6.5 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 n.2 0.7 2.4 0.8 0.3
1971 9.5 + 5.8 1.6 0.7 -~ 1.0 0.2 0.1 2.6 0.8
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 -~ Canadlan summer research vessel survey
population estimates at age from all of Div, 4X (x10-6%,

AGE
Year 0 1 2 3 4 5 & 1. 8  _9+
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 inatantataneous 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 surveys Canadian surveys Can. Comm. cpe
Years Ages 4-5 Ages 5+ Ages 4-5 Ages 5+ Ages 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 n.23
1971-72 0.85 0.67 0.83 i.14 0,81
1972773 0.03 0.61 0.31
z 0.36 0.39 0.23 0.60 0.45

21970-73
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Fig. 1. Unit areas of ICNAF Div. 41X,

G 11



