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SUMMARY

The international catch of Atlantic mackerel (Scomber scombrus)
in the Northwest Atlantic was about 29,300 tons in 1980. compared to
36,000 tons in 1979 .and a high of 430,400 tons in 1973. Canada and the
US accounted for 76% and 22%, respectively, of the 1980 catch.

The 1974 year class dominated the catch each year during 1976-80
comprising 28% of the total in 1980. The 1978 year class accounted for
22% of the 1980 catch.

Catch-per-tow stock abundance indices from NMFS research vessel
surveys and US commercial CPUE indices have increased in the last several
years.

Fishing mortality (F) in 1980 was estimated to be 0.07 in 1980
(M =0.30). F during 1978-80 varied between 0.06 and 0.08 compared to a
high of 0.44 in 1976. :

The 1978 year class, 'slightly above average in size, is the strongest
since 1974. All other year classes since 1974 have been poor.

Total stock biomass in 1981 was estimated to be 780,000 tons, 35%
above the 1978 level but only 28% of the peak in 1970. Spawning stock
biomass increased nearly 40% from a low in 1979 to an estimated 648,000
tons in 1981. Spawning biomass was estimated to increase about 2% from
1981 to 1982 if the catch in 1981 was about 30,000 tons.

Recent rebuilding of the stock has been due largely to the 1978
year class and aided by the relatively low levels of catch in the last
several years. Continued recovery will be possible only if recruitment
improves over that observed in the last 5-6 years.



INTRODUCTION

This report presents an analysis of the status of the Atlantic mackerel

(Scomber scombrus) stock and fishery distributed throughout the Northwest
Atlantic from Labrador to North Carolina in NAFO (Northwest Atlantic Fisheries
Organization) Subareas 2, 3, 4, 5, and 6 (SA 2-6) (Figure 1). Data and analy-
ses presented herein represent an update of material reported by Anderson
(1980). The report contains international commercial and United States (US)
recreational catch statistics; NMFS research vessel bottom trawl survey abun-
dance indices; fishing mortality and stock size estimates from virtual popula-
tion analysis; recruitment estimates; and projected catch levels for 1982 and
spawning stock biomass levels for 1983 for a range of fishing mortality rates

given varying levels of catch in 1981.

CATCH

Commercial

The international commercial catch in SA 2-6 decreagsed from 32,674 metric
‘tons (tons) in 1979 to 25,378 tons in 1980 (Table 1). The 1980 catch was the
lowest reported since 1966 (22,252 tons) and was only 6% of the peak commer-
cial harvest taken in 1973 (419,714 tons).

The US commercial catch increased 35% from 1,990 tons in 1979 to 2,683
tons in 1980, the highest reported since 1976 (2,712 toms). AboutAéo% of the
1980 catch was from SA 5, with the balance from SA 6 (Table 2). US catches
during 1960-80 underwent little change, fluctuating between 938 and 4,364

tons and averaging 2,226 tons annually (Table 1).



The Canadian catch decreased from 30,244 tons in 1979, the largest Cana-
dian catch of mackerel ever reported, to 22,136 tons in 1980 (Table 1). The
1980 catch was well above the 1960-80 average of 14,590 tons, but the 27%
decrease from 1979 to 1980 represented a marked contrast from the generally
increasing trend which began in thé late 1950's - early 1960's. In 1980, 72%
of the Canadian catch was from SA 4, with 28% from SA 3 and 1 ton from SA 5
(Table 2). The catch from SA 3 (Newfoundland area) decreased~nearly 60% from
1979 to 1980. A poor market, logistical problems éssociated with joint ven-
tures between Canadian fishing vessels and foreign factory vessels, and a
fishermen's strike during the summer in Newfoundland contributed to the
decline in the Canadian catch (Maguire 1981).

Catches by countries other than the US and Canada increased slightly from
440 tons in 1979 to 559 tons in 1980 (Table 1), but were minuscule compared to
a high of 396,759 tons in 1973. - In 1980, 65% (365 tons) of this‘catch came
from SA 6, with 29% (161 tons) from SA 4 and 6% (33 tons) from SA 5. A total
. of seven countries (other than the US and Canada) reported catches in 1980,
wiﬁh 45% (254 tons) of that amount taken by Cuba.

The international mackerel fishery in US waters has been regulated on the
basis of a fishing year extending from April 1 to March 31. Fof the 1980-81
‘fishing year, the overall catch quota or optimum yield (OY) was set at
30,000 tons, of which amount 20,000 tons was designated for domestic annual
harvest (DAH) (commercial and recreational), 4,000 tons for the total allowable
level of foreign fishing (TALFF), and 6,000 tons to be held in reserve for
eventual allocation either to DAH or TALFF. The 6,000-ton reserve was allocated

to TALFF in November 1980, thus resulting in a 10,000-ton TALFF. The amount of



mackerel actually caught from TALFF during the 1980-81 fishing year
was about 5,300 tons, the bulk of which was taken during January-March
1981. Of this amount, Poland took 3,979 tons (75%), Italy 1,040 (20%),

Japan 238 tons, Spain 50 tons, and Romania 1 ton.

Recreational

Estimates of the annual US recreational catch of Atlantic mackerel
between North Carolina and Maine during 1960-80 are given in Table 1.

These estimates were obtained from various national, regional, and localized
marine angler surveys, with estimates from the 1960, 1965, and 1970 nat-
ional surveys reduced by 50% to correct for apparent overeétimation
(Anderson 1980). Catches in years without surveys were estimated utilizing
catch/spawning stock biomass ratios from adjacent years with surveys.

Annual estimates increased from about 2,500 tons in 1960 to a high of

- 16,400 tons in 1971, followed by a decrease of comparable magnitude in

the subsequent years.

The 1979 estimated catch, obtained from the NMFS 1979 Marine Recreat-
ional Fishery Statistics Survey, the first in a series of planned surveys
of marine recreational fishing (Anonymous 1980), was 3,315 tons. The total
estimated catch numbered 4,042,000 fish, 2,172,000 from the North Atlantic
area (Maine-Connecticut) and 1,870,000 from the Mid-Atlantic area (New
York-Virginia). In the Nerth Atlantic area, an estimated 626,000 fish
(29% of the area total) weighing an estimated 548 tons (average weight of
0.88 kg) were available for examination, while an estimated 1,376,000 fish
(63%) were used for bait, filleted, discarded dead, etc. and 171,000 fish
(8%) were released alive. In the Mid-Atlantic area, an estimated 1,538,000
fish (82%) weighing an estimated 1,163 téns (average weight of 0.76 kg)

were available for examination, while an estimated 330,000 fish (18%)
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were used for bait, filleted, discarded dead, etc. and 2,000 fish (<1%)
were released alive, In each area, the total catch was assumed to have

an average weight equal to that of the examined portion, and those re-
leased were assumed to have died. The total estimated catch in weight

was apportioned into SA 5 (Maine-Rhode Island) and SA 6 (Connecticut-
Virginia) components, with nearly equal amounts from each area: 1,679 tons
from SA 5 and 1,636 tons from SA 6.

Results from the NMFS 1980 Marine Recreational Fishery Statistics
Survey were not available at the time this report was prepared. In order
to account for the 1980 recreational catch in the assessment, an estimate
was made employing a predictive linear regression between spawning stock
biomass estimates obtained from the 1980 assessment (Anderson 1980) and
recreational catch estimates from years with sﬁrveys (1965, 1970, 1974, and
1976-79) as reported in Table 1. From the relationship

Y = -1.043 + 0.008X
where Y = recreational catch (thousands of tons) and X = spawning stock
biomass (thousands of tons) (r = 0.895), the recreational catch in 1980
‘was estimated to be about 3,900 tons. This amount was apportioned into
SA'S5 (1,975 tons) and SA 6 (1,925 tons) components (Table 2) equivalent to

those in 1979.

Total
The total international catch in 1980 from SA 2-6 was 29,278 tons (Table

1), a decrease of 19% from 1979 (35,989 tons). The 1980 catch was the lowest

since 1966 (26,787 tons) and was less than 7% of the peak catch of 430,437

tons taken in 1973. About 76% (22,296 tons) of the catch in 1980 came from



Canadian waters (SA 2-4), with 21% from SA 3 and 55% from SA 4 (there was no
catch reported from SA 2) (Table 2). Of the remaining 24% (6,982 tons) of
the total coming from US waters, roughly equivalent amounts were from SA 5
(3,615 tons) and SA 6 (3,367 tons).

The Canadian catch comprised nearly 76% of the total in 1980, compared
to 84% in 1979. The total US catch (commercial and recreational) in 1980
was 6,583 tons (22% of the total), a 24% increase from 1979 (5,305 tons and
15% of the total). About 54% of the US catch in 1980 was from SA 5 and 46%

from SA 6 (Table 2).
CATCH COMPOSITION

Length frequency samples from US commercial catches in 1980 were ob-
tained during January (1), March (11), April (12), and May (1) from SA 6
(primarily Divisions 6A and 6B) and during July (21) and September (1)
from Division 5Y representing a total of 2,984 individual fish. Samples were
also collected by US observers aboard Japanese, Spdnish, Mexican, and Ital-
ian vessels during February (4), March (4), and November (1) from SA 5-6
representing a total of 523 fish. Age/length keys for thefirst and second quar-
ters combined, third quarter, and fourth quarter of 1980 prepared using sam-
ples from US commercial and NMFS research vessel survey catches were applied
to the appropriate length frequency data from both US and distant-water-
fleet (DWF) catches to estimate the numbers at age.

Age composition of the SA 3-4 Canadian catch from Newfoundland was ob-

tained from Moores,1 and similar data from the SA 4 Canadian catch from the

1 , . . .
John A. Moores, Fisheries and Oceans Canada, Research and Resource Services,

Northwest Atlantic Fisheries Center, St. John's, Newfoundland, personal
communication.
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Maritimes was obtained from Hunt.2 Comparison of US age/length keys with
those from the Maritimes indicated considerable discrepancy, particularly
with respect to the‘1976—78 year classes. Otolith samples were exchanged
between US and Canadian age readers, but a total resolution of the differ-
ences in interpretation was not reached at the time this -assessment was done.
Back calculation of fish lengths at annulus formation based on the age de-
terminations by US readers tended’fo correspond well with observed modes in
lengih frequencies from both fishery and research vessel catches. Therefore,
.for the purpose of this assessment, it was.decided to apply USuage/lengfh
keys to the Canadian Maritime length frequency data to estimate the numbers
at age in the catch.

Age composition of the 1980 US recreational catch was estimated from
length and age samples collected by the NMFS Northeast Fisheries Center
(NEFC) during April-May in the New Jersey-New York area (Chfistensens).
Length frequency samples of the recreational catch of mackerel have been
collected by the NMFS Marine Recreational Fishery Statistics Survey since
1979, but results have not yet been made available.

The international mackerel catch in 1980, expressed as numbers at
age, is presented in Table 3. The 1974 year class at age 6 comprised 28%
of the total catch in numbers, followed by the 1978 year class (age 2) with
22%, the 1975 year class (age 5) with 14%, and the 1973 year class (age 7)

with 10%. The 1974 year class has been the dominant year class in numbers

2 . . . . e ..
Joseph J. Hunt, Fisheries and Oceans Canada, Marine Fish Division, St.
Andrews, New Brunswick, personal communication.

3Darryl J. Christensen, National Marine Fisheries Service, Northeast Fish-
eries Center, Sandy Hook Laboratory, Highlands, New Jersey, personal
communication.



in the catch every year since 1976 (Table 4), followed closely by the 1973
year class. The combined percentage contribution by the 1973 and 1974 year
classes to the total catch in numbers during 1975-80 has varied between 69%
in 1977 and 38% in 1980. The 1975-77 year classes have contributed little
to the total catch, with annual percentage contributions by these year classes
being about the lowest observed during 1962-80. The 1978 year class in 1980
had the highest percentage contribﬁtion at age 2 (22%) since the 1974 year
class in 1976 (39%). Mean age of the total catch decreased slightly from
6.2 years in 1979 to 5.7 years in 1980, after having increased steadily from
2.8 years in 1975 (Table 4).

The 1974 year class at age 7 and the 1978 year class at age 3 comprised
28% and 27%, respectively, of the catch in numbers taken by Polish vessels from
SA 6 during January-March 1981 (based on US age/length keys from otolith and
length frequency samples obtained cooperatively by US observers and Polish
scientists). The 1973 (11%), 1975 (9%), and 1972 (7%) year classes followed
the 1974 and 1978 year classes in percentage contribution. The average age
of the Polish catch was 6.4 years. These results from the Polish fishery
early in 1981 suggest that the 1974 year class will likely be the dominant
year class in the total catch in 1981 as in the preceding 5 years, but that
the 1978 year class will also be a major component and may become fully
recruited to the fishery in 1981.

The US commercial catch in numbers in 1980 was dominated by the 1978
year class (66%) followed by the 1979 year class (13%), resulting in a mean
age of only 2.8 years (Table 3). The non-US catch in SA 5-6 consisted

largely of the 1974 year class (29%) and the 1978 year class (21%) and had a



mean age of 5.0 years. The Canadian catch in SA 4 from the Maritimes
(Quebec was -assumed to be equivalent) contained primarily the 1974 year
class (36%), the 1978 year class (21%), and the 1975 year class (20%), and
had a mean age of 5.3 years. The Newfoundland catch (SA 3-4) was 33% 1974
year class, 23% 1973 year class, and 13% 1975 year class. The 1978 year
class did not appear to any significant extent in catches in the northern-
most extent of its range, comprising only 1% of the Newfoundland catch.

The 1980 US recreational catch in the New Jersey-New York area, as in
1978 and 1979 (Anderson 1980), consisted of much older fish than the commer-
cial catch. The 1969 year class (age 11) was thé dominant year class with
26% of the catch, following by the 1967 (18%), 1970 (9%), and 1974 (9%)
year classes (Table 3). Mean age of the recreational catch was 10.2 years
compared to 5.3 years for the international commercial catch.

The international numbers-at-age catch data for mackerel for 1962-80

from SA 2-6 are given in Table 4,
MEAN WEIGHTS AT AGE

Mean weights for ages 1-15'ca1culated using von Bertalanffy (1938)
growth parameters and length-weight parameters are given in Table 5.
Growth parameters used were Lo = 40.9 cm, K = 0.250, and t, = -1.900, which
were accepted previously by the ICNAF Mackerel Working Group (ICNAF 1973)
and similar to averages from various studies reviewed By Anderson and

Paciorkowski (1980). Length-weight parameters from the relationship



which were used were a = 0.0048 and b = 3.2482; these are averages of values
obtained from previous studies (Anderson and Paciorkowski 1980).

Mean weights (Table 5) were calculated for: (1) January 1 for calculat-
ing stock biomass, (2) about August 1 corresponding to the approximate cal-
endar midpoint for catches in 1980 and used for calculating projected catches
in 1981-82, and (3) about the fourth week iﬁ June corresponding to the aver-

age annual midpoint for 1962-80 catches and used for yield-per-recruit analyses.
STOCK ABUNDANCE INDICES

Indices of mackerel abundance have been determined from catch data ob-
tained from NMFS, NEFC spring and autumn research vessel bottom trawl surveys.
Spring catch-per-tow indices based on catches in sampling strata 1-25 and
61-76 (Figure 2) have been calculated for the period 1968-81, and autumn
indices based on catches in strata 1-42 and 49 have been calculated for 1963-80.

Spring survey catch per tow (kg, retransformed) declined sharply after
1970 to a low of 0.20 kg in 1977 followed by an increasing trend in subsequent
years (Table 6, Figure 3). Catch per tow increased sharply from 0.35 kg in
1980 to 1.84 kg in 1981, the highest index since 1971. Catch per tow in
numbers (Table 7) has exhibited the same general pattern as that shown by the
weight index. Although the increasing trend in catch per tow in the last several
years corresponds in general with an improvement in stock biomass, the sharp
increase from 1980 to 1981 does not appear to be indicative of an increase of
similar magnitude in stock biomass but is probably a reflection of the year-to-

year variability in the trawl survey catch-per-tow index.
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Autumn survey catch-per-tow indices (kg, retransformed), although much
lower than spring indices, have exhibited a similar pattern (Table 6, Figure
3). Catches of mackerel are much smaller during autumn than during spring
surveys because of decreased availability. The autumn index remained un-
changed from 1979 to 1980 (0.06 kg), but has exhibited an increasing trend
since 1975.

The standardized US commercial catch-per-day index (Anderson 1976)
increased sharply from 0.69 tons in 1979 to 1.42 tons in 1980, the highest
value since 1970 (Table 8, Figure 4). This index, derived by standardizing
effort from a variety of .gear-tonnage classes to that of the floating trap
tended by vessels of 0-50 GT, has increased each year since 1978 and is in
agreement with research vessel survey indices in indicating an improvement
in stock biomass. The 106% increase in catch per day from 1979 to 1980, how-
ever, does not appear to be indicative of a similar increase in stock biomass.
Over 53% of the 1980 catch rate was due to 1978 year-class fish, not considered
to be fully recruited to the total fishery but which were proportionately more
available to the US inshore fishery.

An attempt was made to determine annual catch per day for fully-recruited
ages for the period 1964-80. Since the catch-per-unit-effort (CPUE) index
(Table 8) was derived from US fishery data, the age composition of the US
commercial catch was used to partition the annual CPUE index into CPUE at
age. Since adequate age composition data were available only for 1978-80
for US commercial catches, it was assumed that US age compositions for 1964-77
were the same as for the international catch (Table 4). Catch at age for
each year was converted from numbers to weight (tons) using appropriate

mean weights at age. Total CPUE (expressed as tons per day) for each year was
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partitioned into CPUE at age in proportion to the catch (tons) at age. CPUE
at age in each year was summed for all fully-recruited ages, with the age at
100% recruitment each year deduced from the pattern of age-specific fishing
mortality rates obtained from virtual population analysis.

Standardized US catch per day for fully-recruited ages (Table 9, Figure
4) generally followed the pattern of total CPUE. Differences between the two
sets of indices were most evident in years when age groups (ages 1-2) not
fully recruited to the fishery (100% recruitment to the fishery has occurred
at age 3 in most years) comprised a significant portion of the catch (e.g.
1968, 1969, and 1980) and resulted in higher total CPUE values. CPUE of fully-
recruited ages has not changed appreciably since the mid-1970's. Following
an increase from 0.43 tons per day in 1978 to 0.65 tons per day in 1979, CPUE
decreased to 0.54 tons per day in 1980.

Catch per day by two tonnage-vessel classes of Polish stern trawlers
were also examined as possible indicators of mackerel stock abundance. Vessels
in these two classes participated both in the January-March 1981 mackerel
fishery and the 1970-77 fishery. Monthly catch-per-day values for these two
trawler categories (B-29, 901-1800 GT; B-418/B-89, >1800 GT) presented by
Anderson and Paciorkowski (1980) for the period 1970-77 and by Ucinski and
Horbowy (1981) for 1981 are summarized in Table 10. For both vessel classes,
catch per day in 1981 was either the highest or among the highest observed.

For the B-29 class, the mean of the January-March catch rates was 55.7 tons
per day in 1981, compared to 31.7 tons per day in 1976 and the previous high
of 50.4 tons per day in 1973. The mean of the January-February catch rates

was 61.1 tons per day in 1981, compared to 27.7 tons per day in 1977 and 56.2
tons per day in 1973. The individual monthly rates generally followed the same
pattern. For the B-418/B-89 class, the January-February average was 56.4

tons per day in 1981 compared to a high of 72.4 tons per day in 1974.
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Comparison of the Polish CPUE data with other indices of abundance or
with stock biomass estimates indicates a general lack of agreement. In the
case of the B-29 data, a continuous decline from 1973 to 1977 did occur at a
time when other indices (e.g. research survey, US CPUE) as well as stock bio-
mass estimated from virtual population analyses (VPA) (Table 11) were decreas-
ing. However, the increase in Polish CPUE from 1971 to 1973 occurred when
stock biomass estimated from VPA was decreasing, and the increase from 27.7
tons per day during January-February 1977 to 61.1 tons per day in 1981 (121%
increase) does not correspond to the increase in stock biomass estimated from
VPA. Based on VPA (Table 11), stock biomass (age 1 and older) increased only
about 10% from 1977 to 1981. The B-418/B-89 data are similarly not in agree-
ment with other indicators of stock biomass. It was apparent that catch per
day in the 1981 Polish fishery for both vessel categories could have been much
higher, as the daily processing capacity of the factory on each vessel was
generally the limiting factor for daily catch rates.

Previous analysis of distant-water-fleet data for mackerel (Anderson
1976, Anderson and Paciorkowski 1980) for the pre-1977 period indicated that
CPUE did not reliably reflect changes in mackerel stock biomass, although
CPUE for some country-vessel categories did exhibit a decreasing trend when
stock biomass decreased. Ulltang (1980) also concluded, after examining data
from various pelagic stocks, that reliable abundance indices for species such
as mackerel cannot be obtained from CPUE data from mobile commercial gear
such as purse seines and trawls. It appears, therefore, that the US catch-
per-day index, based on effort standardized to that of floating traps, is the
most reliable commercial CPUE index presently available for mackerel in the
Northwest Atlantic. The better correspondence between US CPUE and changes
in stock biomass estimated from VPA than between Polish CPUE and stock biomass

-12-



from VPA appears to be due to the fact that the efficiency of the non-mobile
US floating trap fishery has remained more constant throughout the period

than that of the Polish trawl fishery.

NATURAL MORTALITY

Instantaneous natural mortality (M) was assumed to be 0.30 for all ages
in all years, as adopted previously by scientists in the ICNAF Assessments

Subcommittee (ICNAF 1974).

DISEASE
A recent 3-year study (MacLean 1980) indicated the presence of a blood

parasite, Haematractidium scombri, in mackerel sampled during March-April off

Virginia. Prevalence of infection varied from 24 to 45% during 1974-76. Age
2 mackerel were found to be more heavily infected than either younger or older
fish. Age O mackerel sampled off Long Island in August were not infected, al-
though age 1 fish sampled the following March off Virginia were pirasitized,
Although this blood parasite represents a possible source of natural mortality,
its effects on host fish have not been determined.

Another study by Longwell and Hughes (1980) found evidence for statist-
ically significant associations between cytologic, cytogenetic, and embryologic
measures of mackerel egg health at several locations in the New York Bight in
1974 and 1977 and heavy metal levels of surface water and plankton, and toxic
hydrocarbon levels of plankton at those locations. Those resﬁlts indicate
that eggs spawned by the southern component of the stock are being adversely
impacted by hydrocarbon and heavy metal pollution in portions of the principal

spawning area in the New York Bight.
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FISHING MORTALITY

Instantaneous fishing mortality (F) for fully-recruited age groups of
mackerel in 1980 was estimated from a power curve relationship between mean
annual F values derived from virtual population analysis (VPA) and fishing
effort expressed as equivalent US standardized days fished. Annual fishing
effort exerted towards fully-recruited age groups of mackerel was determined
by dividing the international catch (in tons) of those age groups by US
s;andardized CPUE for those age groups (Table 9). The 1974 CPUE value of
0.16 tons per day was replaced by the mean (0.45) of the 1973 (0.44) and
1975 (0.46) values. The relatively low value in 1974 was not‘felt to be
‘representative of actual abundance and would imply a level of fishing effort
vastly in excess of that in adjacent years and grossly disproportionate to
fishing mortality in that year.

Mean annual F values for fully-recruited ages (considered to be ages 2
and older in 1974-75 and ages 3 and older in all other years) from an initial
VPA, which assumed F = 0.05 at ages 4 and older in 1980, were regressed against
annual fishing effort for 1964-78. The F for 1980 predicted from this regression
was used as the terminal F in a second VPA. The VPA-regression process was
followed through several iterations until the F predicted by the regression
for 1980 remained unchanged from the F used in the VPA for 1980. An F of
0.070 was thus estimated for ages 4 and older in 1980 from a power curve
regression having a correlation coefficient (r) of 0.894 (Table 9, Figure 5).

Age-specific F values for 1962-79 estimated from VPA are given in
Table 11. Mean annual F for fully-recruited ages increased from 0.03 in
1962-64 to a high of 0.44 in 1976 and then dropped sharply to 0.06 in 1978.
Mean F increased slightly to 0.08 in 1979 before decreasing to an estimated
0.07 in 1980.

-14-



The power curve fit between F and fishing effort (f) used to predict F
in 1980 provided a fairly consistent relationship between these two variables
over a broad range of values (Figure 5) and also satisfied the condition that
F = 0 when £ = 0. This non-linear relationship also implies that the catch-
ability coefficient (q) from the relationship

F = qf
changes inversely with changes in stock abundance. The low F values shown
in Figure 5 coincide with low stock sizes and the higher F values coincide
with higher stock.sizes. Ulltang (1976, 1980) indicated that such a change
in q wifh changes in abundance may be expected for schooling pelagic species,
énd presented evidence of this phenomenon in the Norwegian purse seine fishery
for spring-spawning Atlanto-Scandian herring. Although this is more apt to
occur for fisheries employing mobile gear such as purse seines or trawls
rather than fixed gear (Ulltang 1980), it appears that q also varies somewhat

for mackerel where fishing effort is derived from CPUE from floating traps.

RECRUITMENT

The sizes of the 1961-76 year classes at age 1, estimated from VPA,
ranged from 52 million (1976 year class) to 8,488 million fish (1967 year
class) (Table 11), with a mean size of 2,100 million and a median size of
1,834 million. The estimates for the strongest (1967) and the poorest (1976)
year classes varied by a factor of 163.

In previous assessments of this stock (e.g. Anderson 1980), the sizes
of recruiting year classes were estimated from power curve relationships
between (1) NMFS, NEFC autumn survey catch per tow (numbers) at age 0 and
year-class size at age 1 estimated from VPA, (2) spring survey catch per tow

at age 1 and year-class size at age 1 from VPA, and (3) spring survey catch
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per tow at age 2 and year-class size at age 2 from VPA. For a given year
class, the predicted sizes obtained from these power curve relationships

were averaged to provide a single estimate for use in the assessment. Due

to the inherent variability of the survey data, the various predicted‘values
for a given year class frequently differed widely. It was decided, therefore,
to explore the possibility of combining the survey catch-per-tow indices for
ages 0, 1, and 2 into a single index or employing multiple regression analysis
for predicting year-class size.

Examination of multiple linear regression analysis for three independent
vaiiables (survey indices at age 0, age 1, and age 2) using data for the 1967-76
year classes proved to be unsatisfactory. Although a high correlation coefficient
was determined (r = 0.994), predicted sizes of the 1977-79 year classes did
not appear reasonable in light of other information concerning these year
classes, and it was impossible to use this relationship to predict the sizes
of the most recent year classes having only one or two indices Sr to make use
of information for the 1963-66 year classes in developing a predictive re-
lationship since only one or two survey indices were available for each of
those year classes.

A procedure was developed and used which combined -all available survey
catch-per-tow indices for each year class (ranging froﬁ 1 to3 iﬁdices) into
a single index which was used in a linear regression with year-class size
estimated from VPA. Mean catch-per-tow values (retransformed numbers) at
ages 0, 1, and 2 from autumn and spring surveys (Table 12) were adjusted twice
before being combined into a single index. It was decided to express the
autumn age 0 and spring age 2 indices as equivalent spring age 1 indices.

The autumn age 0 indices were reduced in value to account for natural mortality
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and fishing mortality occurring between the time of the autumn survey (average
- midpoint of October 27) and the time of the following spring survey (average
midpoint of April 8). Since the time between these two average midpoint

dates was 0.45 years, natural mortality (M) of 0.135 (0.30 x 0.45) was
assumed. In 1967-75, catches of age 0 mackerel were reported from the inter-
national fishery (Table 4). Since age 0 mackerel are not of sufficient size
to begin recruiting to the fishery until late in their first calendar year of
life, it was assumed that these catches occurred during November-December

of each year. Fishing mortality (FO) generated by these age 0 catches (Co)

was estimated from the relationship

2

1 2o 7%
Co Fo(i—e'zo)

where N1 = year-class size at age 1 at the beginning of the year determined
from VPA (Table 11). The spring age 2 indices were increased in value to
account for a full yearfof natural mortality (M = 0.30) and fishing mortality
(assumed to be that estimated from VPA (Table 11) for age 1 fish).

The autumn age 0 and spring age 2 indices adjusted in time to account
for natural and fishing mortality were stilllnonequivalent to the spring age 1
indices because of apparent differences in availability to the survey trawl.
Mackerel catches during autumn surveys are very small due largely to the
inshore dispersion of schools at that time of year, particularly in inaccess-
ible waters'aloﬁg the coast of Maine. Catch per tow of mackerel during spring
_surveys was, on average, slightly higher for age 2 than for age 1, suggesting

greater availability for age 2 fish at the time of the spring survey. The

geometric means of the ratios between autumn age 0 adjusted catch per tow
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and spring age 1 catch per tow and between. spring age 2 adjusted catch per
tow and spring age 1 catch per tow weré 0.118 and 1.291, respectively. These
mean ratios were divided into the adjusted autumn age O and spring age 2
indices as a second correction to obtain indices equivalent to the spring
age 1 values both in terms of timing and availability. These final adjusted
mean catch-per-tow values are given in Table 12.

Assuming that all survey‘indices for each year class were now equivalent,
a geometric mean was used to obtain a single index for each year class (Table
12). A geometric mean was used instead of an arithmetic mean to minimize the
influence of exceptionally high or low values on the mean. A functional
(geometric mean) linear regression was calculated between the geometric mean
survey index and the year-class size at age 1 determined from VPA (r = 0.934)
for the 1963-76 year classes (Table 12, Figure 6). From this relationship,
the 1977, 1978, 1979, and 1980 year classes at age 1 were predicted to be
200 million, 2,300 million, 400 million, and 1,100 million fish, respectively.

The 1978 year class appears to be equivalent in size to the 1974 year
class and the best year class to appear since 1974. The present estimate of
2,300 million fish at age 1 for the 1978 year class is slightly higher than
the estimate of 2,000 million in the 1980 assessment (Anderson 1980). The
present estimates for the 1976, 1977, and 1979 year classes are all lower
than the estimates in the 1980 assessment (52 vs 350 million, 200 vs 900
million, and 400 vs 650 million, respectively) (Table 16). The present
estimate for the 1980 year class of 1,100 million is considerably higher than
the estimate of 300 million used in the 1980 assessment,‘which was not based
on a survey index but conservatively set at the approximate size of the

poorest year class observed at that time.
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For the purpose of catch and stock size projections and lacking any
survey index, the 1981 year class was assumed to be 400 million fish at age 1,
which is the median of the estimates for the previous five year classes

(1976-80).
PARTIAL RECRUITMENT

Partial recruitment of an age group to the fishery in a given calendar
year is defined here as the ratio of the fishing mortality (F) at that age
to the mean F of the fully-recruited ages in that year. Examination of age-
specific F values determined from VPA (Table 11) indicates that mackerel in
most years were fully-recruited to the fishery at age 3, although in 1974-75
full recruitment occurred at age 2. Partial recruitment ratios or coefficients
for the international fishery in SA 2-6 during 1962-80 for ages 1-3 varied
from <1 to 100% (geometric mean = 13%) at age 1, 7 to 100% (geometric mean =
35%) at age 2, and 9 to 100% (geometric mean = 60%) at age 3 (Table 13).

Partial recruitment at ages 1-3 was considerably below the 1962-80 mean
during 1978-80 (Table 13). The geometric mean (GM) in 1978-80 was 2% at age 1,

% at age 2, and 37% at age 3. These decreases imply corresponding declines

in F relative to F at fully-recruited ages. Declines in fishing mortality

on younger age groups could be due to a shift in fishing effort away from young
fish towards older fish, or F could simply be underestimated due to over-
estimating recent year classes.

In an attempt to identify the possibility of a noticeable shift in fish-
ing effort and fishing mortality from younger to older age groups, the age
composition of the Canadian catch during 1968-80 (Table 14) was examined and
age-specific F values applicable to that catch were estimated. F values for

the Canadian fishery were estimated by applying the Canadian catch/inter-
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national catch ratio at each age in each calendar year to the corresponding

F determined from VPA for the international fishery. Partial recruitment
coefficients for ages 1-3 for the Canadian fishery (Table 15) were calculated
in the same way as described above for the international fishery.

The catch age composition and partial recruitment coefficients for the
Canadian fishery were generally similar to those for the international fishery,
although ages 1-3 were, on average, less prevalent in the Canadian fishery as
evidenced by lower average (GM) partial recruitment coefficients for 1968-80
(8 vs 10% at age 1, 20 vs 36% at age 2, and 54 vs 71% at age 3). There is,
however, no evidence of any pronounced shift by the Canadian fishery in recent
years from younger to older mackerel.

The relatively low partial recruitment coefficients in 1978-80 for both
the Canadian (Table 15) and international (Tabie 13) mackerel fisheries would
appear to reflect the fact that fishing mortality on recruiting year classes
in 1978-80 has probébly been underestimated as a result of overestimating
year-class sizes. Initial examination of ratios between the percentage age
composition of fishery and research vessel survey catches suggests that partial
recruitment coefficients for ages 1-3 in the last several years may, in fact,
be somewhat higher than indicated in Table 13. Partial recruitment coeffic-
ients indicated by these data were somewhat comparable in earlier years
(1968-77) to those determined from fishing mortality rates (Table 13), but
the correspondence between individual coefficients determined by the two
approaches was too variable to place total confidence in the values determined
for 1978-80.

Results of the above preliminary analysis imply that recent year classes
(1977-79) may have been overestimated. As indicated in the previous section
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(RECRUITMENT), present estimates of most recent year-class sizes were lower
than in the last assessment. Even though the relationship between survey
catch per tow and year-class size from VPA (Table 12, Figure 6) appears to
consitute the most consistent and valid procedure for estimating recruitment,
it is evident that recruitment was overestimated in the past. Table 16 shows
past and present estimates of year-class sizes from 1973 to the present, and
compares predictions based on survey data with estimates from VPA. For the
1973-76 year classes, for which VPA estimates at age 1 are available, only
the 1974 year-class estimate agreed closely with the VPA estimate. The initial
estimate of the 1973 year class based on survey data was 75% higher than the
present estimate based on VPA. The average of past estimates of the 1975
year class was 225% higher than the present estimate, and the present estimate
of the 1976 year class was nearly 14 times less than the average of past
estimates based on survey data. In spite of this pattern of overestimating
recruitment, the use of survey data appears to be the most reliable approach,
and continued refinements in that procedure should result in improvements in
the accuracy of the predictions.

In conclusion, there is evidence that some-or all of the recent year
classes (1977-79) have been overestimated, the extent of which is unknown.
The uncertainty associated with the partial recruitment coefficients determined
for the last several years in the international fishery (Table 13) makes it
difficult to select coefficients to be used in catch and stock size projections.
Considering the various possible problems and sources of error described
above, it was decided to use the mean (GM) coefficients from the Canadian
fishery during 1968-80 (excluding the high and low values at each age) to
represent expected conditions in the international fishery in 1981-82. These
coefficients were 10% ét age 1, 25% at age 2, and 60% at age 3, with 100%
recruitment assumed at ages 4 and older (Table 17).
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STOCK SIZE

Age-specific stock size estimates from VPA and calendar-year biomass
-estimates obtained by applying mean weights at age (Table 5) to the stock
size estimates are given in Table 11.

Total stock biomass (ages 1 and older) increased from about 600,000
tons during 1962-65 to 2.8 million tons in 1970-71 (Figure 7) and then declined
to 580,000 tons in 1978. The total stock increased about 35% from 1978 to
an estimated 780,000 tons at the beginning of 1981.

Spawning stock biomass, defined as 50% of the age 2 fish and 100% of
ages 3 and older, increased from an average of 515,000 tons during 1962-67
to 2.3 miliion tons in 1971 and then dropped to 467,000 tons in 1977 (Figure 7).
The spawning stock biomass in@reased nearly 40% from 1979 to an estimated

648,000 tons at the beginning of 1981.
EQUILIBRIUM YIELD

Previous equilibrium yield and yield-per-recruit analyses for Northwest
Atlantic mackerel (Anderson and Paciorkowski 1980, Anderson 1980) indicated
an FO.l of 0.40, an Fmax in excess of 1.00, and equilibrium yield under
conditions of constant median-level recruitment and average levels of partial

recruitment and weight at age ranging from 200,000 (FO l) to 225,000 tons

(Fmax)'

An additional yield-per-recruit analysis was performed using the method
of Thompson and Bell (1934) in an APL computer program described by Rivard
(1980). Several options were considered which incorporated different values
for mean weight at age and partial recruitment coefficients at age. Results

-from each option consistently estimated an F of 0.40 and an Fmax between

0.1

1.80 and 2.00, and were thus consistent with previous analyses.
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CATCH AND STOCK SIZE PROJECTIONS

Projections of spawning stock biomass available at the beginning of
1982 were made assuming various levels of catch in 1981 ranging between 30,000
and 172,000 tons (Table 18). Fishing mortality rates associated with these
catches varied from 0.062 to 0.400. Spawning stock biomass available at the
beginning of 1982 was estimated to range from 659,000 tons (2% incfease from
1981) if the 1981 catch was 30,000 tons to 533,000 tons (18% decrease from

1981) if the 1981 catch was 172,000 tons {corresponding to F = 0.40).

0.1
Projected catches in 1982 at F levels ranging from 0.05 to 0.50 and
resultant spawning stock biomass levels available at the beginning of 1983
were estimated (Table 19) for options of 1981 catch ranging from 30,000 to
100,000 tons. Assuming a 1981 catch of 30,000 tons, or about the same level
as in 1980, the catch in 1982 would range from 28,500 tons at F = 0.05 to
237,000 tons at F = 0.50. Resultant spawning stock biomass at the beginning
of 1983 from this range in catch in 1982 would vary from 667,000 tons (3%
increase from 1981 and 1% increase from 1982) to 481,000 tons (26% decfease

from 1981 and 27% decrease from 1982). A catch at the F level of 0.40 in

0.1
1982 (197,000 tbns) would leave a stock of 516,000 tons (20% decrease from
1981 and 22% decrease from 1982) in 1983. Consequences of other options for

catch in 1981-82 can be ascertained from Table 189.
DISCUSSION

Data presented in this report indicate that the Atlantic mackerel stock
in SA 2-6 has been slowly but steadily increasing in abundance since 1978.
Within a period of 14 years (1965-78), total biomass increased from about
600,000 to 2,800,000 tons and then as rapidly dropped back down to about

600,000 tons (Figure 7). The rapid buildup in the late 1960's was due to a
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succession of year classes most of which were above average in strength, with
the 1967 year class being the strongest by far followed by the 1966, i968,

and 1969 year classes. For rTeasons yet -unknown, there was not a single poor
year class produced within a period of 10 years (1965-74) (Figure 8). The
1973-74 year classes, approximately equivalent in strength and stronger than
the 1970-72 year classes, were the last good year clésses to appear until the
1978 year class. Present estimates of year-class size indicate that only one
(1978) out of the last six year classes (1975-80) produced has been anywhere
near average size. Even though total stock biomass increased about 35% from
1978 to 1981, this recovery has been due primarily to the 1978 year class. In
addition, the relatively low annﬁal levels of total catch (30,000-35,000 tons)
in the last several years have aided in the recovery of the stock. Continued
rebuilding of the stock, given current levels of catch, will be possible only
if recruitment improves over the levels observed in the last 5-6 years. If
catches in the next several years increase considerably above recent levels
and recruitment fails to improve, total stock biomass will exhibit little if

any additional recovery.
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Table 1. Mackerel catch (tons) from NAFO SA 2-5 during 1960-80.

TS .
Year Commarcial. Recreational - Canada Qther countries Total
1960 1,396 2,478 5,957 - 3,831
1961 1,361 3,022 5,459 11 9,853
1962 338 3,365 6,801 175 11,479
1963 1,320 3,981 6,363 1,299 12,963
1964 1,644 4,343 10,786 801 17,574
1965 1,998 4,292 11,189 2,945 20,420
1966 2,724 4,535 11,577 7,951 26,787
1967 3,861 4,498 11,181 18,047 38,617
1968 3,929 7,781 11,134 65,747 88,591
1969 4,364 13,050 13,257 114,139 144,880
1970 4,049 . 16,039 15,710 210,864 246,662
1971 2,406 16,426 14,942 355,892 389,666
1972 2,006 15,588 16,254 391,454 425,312
1973 1,336 10,723 21,619 - 396,739 430,437
1974 1,042 7,640 16,701 321,837 347,220
1975 1,974 5,190 13,544 271,719 292,427
1976 2,712 4,202 15,746 223,275 245,935
1977 1,377 522 20,362 56,067 78,328
1978 1,505 6,371 25,429 341 34,446
197¢ 1,990 3,315 30,224 440 35,98¢

1580 2,683 3,500 22,136 : 533 26,278

Table 2. Mackarel catch (tons)in 1380 by country and subarsa from MAFQ SA 2-3.

Subarea
Country - 2. =3 b S0 B ..o Total
Canada - 8,190 15,945 1 - 22,136
Cuba - - 19 - 235 254
Italy - - - - 27 27
Japan - - - 28 50 38
Paland - - - 2 11 13
Romania - - - - 18 18
Spain - - - 3 14 17
USSR - - 142 - - 142
UsS (comm.) - - - 1,308, 1,077, 2,583,
US {rec.) - - - 1,975+ 1,925- 3,300t
Total - 8,190 16,106 3,415 3,367 29,278

‘Survey results not available; valua given is sstimatad (see taxt for sxplanation).
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Table 3. Age composition {thousands of fish at age) of the 1980 mackerel catch from NAFG SA 3-6.

Tota]2

. us Grand
Age china Non-US = ————r— Cana§§.SA -4 - comm. rec. total
SA 5-5 SA 5-6 Maritimes Quebecl’v Newfoundland Total SA 3-6 SA 5-6 SA 3-8
1 1,062.3 77.5 17.0 2.0 - 19.0 1,166.2 - 1,166.2
2 5,330.3 224.3 4,677.0 541.8 97.5 5,316.3 10,940.3 2.5 10,942.8
3 167.1 75.8 620.0 71.8 17.3 709.1 958.1 87.9 1,046.0
4 72.6 36.8 556.0 64.4 229.5 849.9 965.4 78.1 1,043.5
5 283.8 124.6 4,526.0 524.4 1,277.3 6,327.7 6,779.0 197.8 6,976.8
6 613.8 310.8 8,169.0 946.4 3,359.6 12,475.0 13,485.2 446.8 13,932.0
7 129.5 90.5 1,730.0 200.4 2,353.3 4,283.7 4,532.5 310.1 4,842.6
8 82.5 39.9 692.0 80.2 1,000.7 1,772.9 1,907.3 210.0 2,117.3
9 27.8 4.6 144.0 16.7 593.3 754.0 791.5 393.1 1,184.6
10 38.1 18.4 313.0 36.3 312.5 661.8 722.8 463.9 1,186.7
11 58.0 19.3 295.0 34.2 330.7 659.9 741.9 1,350.2 2,092.1
12 26.0 9.0 142.0 16.4 97.1 255.5 292.5 322.3 614.8
13 64.1 21.8 306.0 35.4 257.5 598.9 689.2 940.0 1,629.2
14+ 72.7 16.5 239.0 27.7 148.4 415.1 507.5 432.2 939.7
Total 8,028.6 1,069.8 22,426.0 2,598.1 10,074.7 35,098.8 44,472.4 5,234.9 49,714.3
Tons 2,683 399 13,379 1,550 7,206 22,135 25,378 3,900

29,278

1 .
Assumed same as for Maritimes.

2Raised to include 161 tons caught by Cuba and USSR in SA 4.

Table 4. Mackerel commercial and recreational catch at age (mnillions of fish) from NAFQ SA 2-6 during 1962-80.

Age o : 1 Mean
Year 0O 1 2 3 4. 5 6 7 3 3 10 11 12 13 14+ Total Tons~ age
1962 - 16.1 2.8 15.2 3.8 1.2 1.6 1.4 0.8 0.4 0.1 0.3 - - - 43,7 11.5 2.8
1963 - 1.1 4.2 1.3 26.3 6.0 0.3 0.2 0.2 0.2 0.1 0.1 - - - 40.0 13.0 4.1
1964 - 12.9 7.0 4.1 4.0 19.4 4.1 3.9 0.7 0.8 0.2 - - - - 57.1 7.6 3.8
1965 - 9.0 3.6 2.9 4.0 5.2 19.5 4.2 4.0 0.7 - - - - - 53.1 20.4 4.7
1966 - 24.0 11.5 5.3 2.6 4.7 7.9 21.8 0.5 0.2 - - - - - 78.5 26.8 3.9
1967 1.8 0.8 26.7 19.8 3.5 3.3 5.1 6.1 32.3 0.3 - - - - - 99.7 38.6 4.8
1968 1.1 141.4 61.5 59.3 38.1 14.3 6.6 0.7 1.0 6.1 0.1 - - - - 330.2  88.6 2.3
1969 4.0 7.1 262.1 160.7 65.8 5.7 3.0 2.0 3.1 2.2 8.3 - - - - 524.0 144.9 2.8
1970 4.8 193.5 54.5 522.1 162.9 27.86 7.0 5.3 3.9 10.0 3.8 2.8 - - - 1,004.2 236.7 3.0
1971 2.4 74.6 294.2 127.4 558.9 203.5 34.6 8.9 3.6 4.3 8.1 7.2 - - - 1,327.7 389.7 3.6
1972 3.6 22.1 85.7 256.2 182.6 390.4 87.3 24.0 4.2 8.2 3.8 5.6 - - - 1,073.7 425.3 4.2
1973 4.0 161.8 283.2 285.1 233.6 192.4 197.2 3t.2 11.0 4,1 3.8 1.6 - - - 1,409.0 430.4 3.5
1974 2.0 95.9 242.2 264.4 101.5 114.3 111.8 108.3 25.7 6.4 2.5 0.8 - - - 1,075.8 347.2 3.8
1975 3.7 373.7 431.4 113.7 100.8 58.6 67.8 51.9 50.5 12.5 2.3 1.0 - - - 1,267.9 292.4 2.8
1976 - 12.5 353.5 272.5 85.7 52.4 27.3 40.5 34.6 22.6 13.4 1.4 - - - 916.4 245.9 3.5
1977 - 2.0 27.0 101.0 54.0 12.0 9.9 5.6 6.3 3.8 3.6 0.3 0.3 - - 225.8 78.3 3.8
1978 - 0.1 0.2 4.7 17.4 13.3 8.4 4.7 2.2 4.5 1.5 4.6 0.6 0.6 - 62.8 34.4 5.9
1979 - 0.4 0.6 1.3 7.1 18.6 13.1 6.2 2.6 2.2 2.2 0.6 1.8 0.5 0.9 58.1 36.0 6.2
1980 - 1.2 10.9 1.1 1.1 7.0 13.9 4.8 2.1 1.2 1.2 2.1 0.6 1.6 0.9 49.7 29.3 5.7

lThousands of

tons.
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Table 5. Mean weight at age (kg) of Atlantic mackere] calculatad
from growth and Tength-weight parametars.

1 Catch2 Catch3
Age Stock (1981-82) (1962-80 average)
1 .0%6 .142 .134
2 177 .229 .220
3 L2687 .319 .310
4 .355 .403 .395
5 L4386 .479 472
6 .508 .545 .539
7 .569 .6G0 .535
8 .820 .845 .641
9 .662 .883 .879
10 .696 712 .710
11 .723 .736 .734
12 .745 .755 .754
13 .762 770 .769
14 .776 .782 .781
15 .786 .792 L7561

; ;
“On January 1.

ZAt about August 1.

3At about fourth week in Jure.

Table 6. Stratified mean catch (kg) per tow (linear, In, and retransformed)
of mackerel from NMFS, MEFC bottom trawl survays in the soring
(strata 1-25, 61-76) and autumn (strata 1-42, 49). Ses Figurs 2
for location of sampling strata.

Sorinal Autumn2
Year Linear Ln Retransformed Linear Ln Retransformed
1963 - - - .02 .02 .02
1964 - - - <.01 <.01 <.01
1965 - - - .04 .02 .03
1968 - - - .04 .02 .04
1967 - - - .32 .08 .13
1968 18.23 .38 4.00 .14 .06 .10
1569 .18 .03 .06 1.11 .08 .19
1570 7.14 .47 2.04 .05 .03 .35
1971 16.21 .42 1.97 .04 .03 .04
1972 5.01 .35 1.33 .13 .08 .11
1973 21.90 .23 .75 .05 .03 .05
1974 2.10 .28 .77 .10 .03 .08
1975 .50 .12 .26 .01 .01 .01
1976 .82 .14 .32 .04 .03 .04
1977 .27 .12 .20 .35 .03 .04
1678 1.12 .18 .45 .18 .06 .10
1979 .29 .12 .22 .08 .04 .06
1980 .66 .17 .35 .08 .03 .06
1981 3.02 .42 - 1.34 - - -
1

3ased on catches with No. 41 trawl; 1968-72 catches were with No. 26 traw]
and were adjustad to equivalent Mo. 41 catches using a 3.25:1 ratic (41/36).

2
“Based on catches with Mo. 36 trawl.
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Table 7. Stratified mean catch per tow (numbers) at age of mackerel from MMFS, NEFC spring bottom
trawl surveys (strata 1-25, 61-76).
. ~ Age T

Year 1 2 "3 4 5 6 7 8 9 10 [T 17 13 BEE3 Total
1968 40.240 1.726 .348 .257 .129 .176 .085 .070 017 - - - - - 43.048
1969 .238 .198 .018 .016 .005 015 .007 .004 .001 - - .001 .001 - .504
1970 1.010 2.625 .041  .850 .319 .757 .359 .289 077 .009 .052 .196 .119 .096 7.799
1971 .929 2.779 1.288 1.157 .465 .968 .404 .288 .080 - 011 .120 .06l .040 - 8.590
1972 1.894 1.3868 .664 .586 2404 .468 .216 .164 032 - .012 .064 .033 .031 5.776
1973 .915 .787 .333 .406 .268 .488 .279 .248 .106 055 .016 078 .049 .043 4.071
1974 .826 .383 .658 - .187 - - - - - - - - - 2.054
1975  3.18 1.277 .219 .181 .028 .062 .048 .035 - - - - - 5.036
1976 .204 .787 .182 .040 011 .008 - - - - - - - - 1.232
1977 .021 .109 .220 .130 .048 .018 .005 .023 .015 .012 .003 .020 - - .624
1978 .128 .221 .293 . 408 .220 .096 .029 .011 .022 .022 .032 - .011 - 1.493
1979 .029 009 .016 .043 .145 .064 .035 .03% .031 .044 .004 017 .003 .024 .499
1980 .066 406,020 .014 .060 .127 .031 .029 .022 .005 .029 .015 .028 .008 .860
1981 .647 .243 771 .124 .112 .295 .943 .509 .214 .Qa7 .181 .419 .183 .430 5.148

Taple 8. Mackarz] cztch per standardizad US

day fishad in NAFQ Sa 3

Yaar Catch per day (tons)

1984 .43

1965 .

1966 34

1567 1.75

1348 2.80

1969 1.92

1970 2.07

1971 1.2

1972 .34

1973 .33

1974 17

1975 .33

1975 .33

1377 .52

1978 .43

1979 33

- 1380 1.42
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Table 9.

mackerel fishery.

Estimation of fishing martaiity (F) in 1980 for
Catch per day, international
effort, and F given below apply only to agss at
to the fishery.

the NAFO SA 2-8

catch, fishing

100% recruitment

Age at US std. intarnacional rishing

100% catch per day catch affortt 2
Year racruitment (tons) (thousands of tons) (thousands of days) F
1964 3+ .36 14.8 41.1 .031
1965 3+ .45 18.6 41.3 .041
1966 3+ .87 21.3 31.8 .047
1967 3+ 1.50 33.0 22.0 .086
1968 3+ 1.87 52.8 31.6 .083
1669 3+ 1.16 87.7 75.6 .096
1970 3+ 1.81 216.0 119.3 .144
1971 3+ 1.09 328.2 301.1 212
1972 3+ .80 404.4 505.5 .241
1973 3+ .44 358.4 814.5 .333
1974 2+ (.45)3 336.5 747.83 .358
1975 2+ .48 253.4 550.9 .353
1978 3+ .44 185.3 421.1 .439
1977 3+ .48 72.7 151.5 .151
1978 3+ .43 34.3 79.8 .059
1979 3+ .65 35.7 54.9 Q78
1980 4+ .54 25.7 47.6 (.070)*%

1Expressed as equivalant US standardized days fished.

Zweighted mean {ishing mortality for ages at 100% recruitment obtained from
virtual population analysis assuming F = 0.070 in 1S80.

3Actual value of 0.16 replacad by mean of 1973 and 1975 (see taxt for explanation).

4Predicted from regrassion of fishing effort on F for 1964-783:
InY = -3.004 + 0.606 In X, r = 0.894.

Table 10. Mackerel catch per day fished (tcns) by two Polish tonnage class-
vessel types during January-March 13670-81 in NAFQ SA 5-8.
.1 1
Year Jan Fah Mar Jan-Feb Jan-Mar
901-1800 GT (8-29)
1870 - - - - -
1971 61.8 14.2 36.0 38.0 37.3
1972 41.8 30.3 33.9 36.3 35.5
1973 62.9 49.5 38.7 36.2 50.4
1974 58.1 37.7 22.5 47.9 39.4
1975 39.9 30.3 32.8 35.1 38.3
1976 45.4 28.6 21.1 37.0 31.7
1977 23.1 32.2 - 27.7 -
1978 - - - - -
1979 - - - - -
12980 - - - - -
1581 75.8 46.3 45.1 61.1 85.7
>1800 GT. (B-418/3-39)
1370 34.2 45.0 34.0 39.86 37.7
1971 - - - - -
1972 71.2 48.4 53.5 59.8 57.7
1973 74.1 39.9 8.3 57.0 40.9
1974 69.1 75.8 - 72.4 -
1975 53.4 39.3 36.0 46.4 2.9
1676 - - - - -
1977 - - - - -
1978 - - - - -
1979 - - - - -
1380 - - - - -
1981 81.5 51.3 14.4 36.4 52.4

T ) ' .
“Mean of monthly values.
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Table 11. Fishing mortality (F) and stock size (millions of fish) by age and year for wackerel in NAFO SA 2-6 derived
from virtual population analysis assuming M = 0.30 at all ages and F = 0.070 at ages 4 and older in 1980,

Age
Year 1 2 3 ] 5 6 7 1] 9 10 i1 12 13 14+
1002 recruitment

Fishing wortality Mean [ “Age
1962 .019 .004 .023 .102 .03 .035 029 .063 .089 .023 . (. 029)x - - - .029 3+
1963 .003 .007 .003 .055 .268 .013  .006 .006 .022 (.032); (. 032)l - - - .032 3+
1964 .037 .026 .009 .011 .067 .316 .256 .029 031)1 (.()31)1 - - - - 031 3+
1965 .021 .014 .015 .012 019  .084 .712 .514 041;1 - - - - - .041 3+
1966 .015 .037 .029 .018 .019 .039 .141 .185 .047 - - - - - .047 3t
1967 <.001 .023 091 .027 .032 .029  .043. .348 . 180 - - - - - .086 3+
1968 .019 .026 .073 .281 160 .092  .005 .010 117 {.093) - - - - .093 It
1969 .003 .050 .096 121 .068 .051 .040 .033 .029 .257 - - - - .096 3+
1970 .060 .027 .149 .149 076 .124 132 .316 .158 .072 (.142)} - - - 144 3+
1971 .048 .136 .089 .264 J314 142 257 138 .247 .207 2.212 % - - - .212 3t
1972 .014 .078 .188 .199 L334 241 184 207 .598 .404 241 1 - - - .241 3¢
1973 .136 .279 .451 .293 L3730 .316 0 141 .109 .359 715 2.333) - - - .313 3+
1974 .054 .347 .515 .321 .256 .437 .321 .184 .095 .438 356)l - - - .356 2+
1975 .200 . 405 .305 427 L350  .264 .420 .273 .143 .050 (.353)l - - - .353 2+
1976 .030 .331 .553 .449 .467 .306 .278 .631 .210 .250 .043 - - - .439 3+
1977 046 .094 .165 .222 114,166 .105  .070 .142 .052 .009 .013 - - .151 kD
1978 {. 001; .(G06 .023 .043 .087 121 123 060 .073 .085 .096 .024  .035 - .059 3+
1979 (<.001)2  (.005)% 058 050  .065 .128 .138  .103  .088 .051 049 055 .027 (.075)! .075 3
1960 (.003)2 é 007)2 (.012)2 .070  .070 .070 .070 .070  .070 .070 070 .070  .070 .070 .070 4+

_ ) Age 1+ - Spawning stackd
Stock size (millions) Nuubers Weight* “Huwbers ~ Weightd Hean age

1962 990.7 809.8 790.0 45.4 38.0 53.1 57.1 15.0 5.4 5.1 12.1 - - - 2821.7 566.7 1426.1 399.9 3.2
1963 427.9 720.4 597.8 572.4 30.4 27.1 3.0 41.1 10.5 3.7 3.7 - - 2473.0 617.7 1684.9 §12.9 3.5
1964 411.5 316.6 530.1 442.3 401.6 17.4 19.8 28.0 30.3 7.6 - - - - 2205.2 632.0 1635.4 564.5 4.0
1965 %09.0 293.8 228.6 389.6  324.4 280.9 9.4 11.4 20.1 - - - - - 2067.2 610.1 1411.3 535.2 4.4
1966 1834.9 369.4 214.6 166.9 285.3 235.9 191.4 3.4 5.0 - - - - - 3306.8 716.6 1287.2 507.8 4.6
1967  3705.3 1339.4 263.8 154.5 121.4 207.4 168.0 123.2 2.1 - - - - - 6085.1 1049.7 1710.1 575.6 4.0
1968 8488.% 2796.3 969.8 178.5 111.6 87.1 149.3 119.3 63.8 1.3 - - - - 12965.4 1927.1 3078.8 864.7 3.3
1969  3226.8 6169.4 2019.4 667.7 99.8 70.4 58.9 110.2 87.6 42.0 - - - - 12552.2 2446.3 6240.7 1590.5 2.9
1970  3821.1 2388.3  4346.1 1358.7 438.4 69.1 49.6 41.9 718.9 63.0 24.1 - - - 12679.2 2826.3 7664.0 2248.1 3.4
1971 1857.7 2665.5 1722.9 2773.7 867.4 301.2 45.2 32.2 22.6 49.9 43.4 - - - 10381.7 2752.8 7191.2 2338.5 3.7
1972 1832.9 1312.6  1723.2 1167.4 1578.7 469.4 193.6 25.9 20.8 13.1 30.1 ~ - - 8367.6 2380.4 5878.4 2088.3 4.1
1973 1466.7 1339.0 899.0 1058.0 709.0 837.6 273.4 122.9 15.6 8.5 6.5 ~ - - 6736.2 1980.8 4630.0 1721.5 4.4
1974  2113.0 9418.4 750.8 424.2 584.9 361.8 452.7 175.9 81.6 8.1 3.1 - - - 5904.5% 1589.1 3317.3 1302.3 4.6
1975 2375.7 1483.2 496.7 332.4 227.9 335.9 173.2 243.3 108.3 55.0 3.9 - - 5835.5 1373.4 2718.2 1014.1 4.5
1976 433.6 1441.1 732.6 271.2  160.7 119.1 191.1 84.3 137.2 69.6 38.8 - - - 3729.3 1052.3 25252 878.3 4.2
1977 51.6 347.7 767.0 12,2 128.2  74.6 65.0 107.2 33.2 82.4 40.1 27.5 - - 2036.7 708.2 1811.2 672.4 4.5
1978 ( 200.0)° 36.5 234.5  482.0 185.2 B4.7 46.8 43.3  74.0 21.4 §7.9  29.5 20.1 - 1515.9 579.6 1297.6 §67.2 5.3
1979 (2300.0)> 148.1 26.9 169.7 342.2 125.8 55.6 30.7 30.2 51.0 14.5 39.0 21,3 14.4 3369.4 700.6 995.4 466.7 5.9
1980 i 400. 0;5 1703.5 109.2 18.8 119.6 237.6 82.0 359 20.5 20.% 35.9 10.3  27.3 15.4 2836.5 1.7 1584.8 522.6 1.1
1981 (1100. 0) 295.3  1252.6 80.0 13.0 82.6 164.1 56.6 24.8 14.2 14.2 24.8 7.1 29.5 3158.8 780.2 1911.2 648.4 4.1

}Mean F for ages at 100% recruilment in that year.
ZDutenuined from estimated stock size and known catch.
350% age 2 and 100% ages 3 and older. -

4Ih0usands of tons.
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Table 12. Stratified mean catch per tow (numbers) of age 0, 1, and 2 mackersl

from NMFS, NEFC autumn and spring bottom %rawl surveys, the age 0 and 2

values adjustad to equivalent age 1 values (see text for explanation)

with the geometric mean of the adjusted values, and year-class size at

age 1 (millions of fish) from virtual population analysis {VPA) assuming

F = 0.070 at ages 4 and older in 1980.

Maan catch per tow Adjusted mean catch per Tow ] B

Year Autumn  Spring Spring  Autumn Spring Spring Gegmetric VPA
class age 0 age 1. age 2 age @ age 1 age 2 mean ~age 1
1963 .0s3 - - .390 - - .390 411.5
1964 .009 - - .08é8 - - .068 509.0
1965 .055 - - .407 - - .407 1834.9
1966 .088 - 1.726. .653 - 1.808 1.086 3705.3
1967 .619 40.240 ~198  4.385 40.240 211 3.385 8483.5
1968 .039% .238 2.625 .288 .238 2.751 .574 3226.8
1969 .289 1.010 2.779  2.136 1.010 3.086 1.380 3821.1
1970 .023 .929 1.368 .169 .929 1.500 .618 1857.7
1971 .0868 1.894 .787 .500 1.894 .334 .92¢ 1832.9
1972 .076 .915 .383 .559 .915 .459 617 1466.7
1973 .236 .828 1.277  1.746 .826 1.409 1.268 2113.0
1674 .089 3.186 .787 661 3.186 1.005 1.284 2375.7
1975 .009 .204 .109 .063 .204 .118 .118 483.6
1976 .012 .g21 .221 .08% .021 .242 078 - 51.6
1977 .045 .128 .009 .331 .128 .009 .073 (228.2)2
1978 .264 .029 .406  1.958 .029! .42 .911 (2309.3)2
1979 .023 .066 .243 .203 .066 2588 .151 (421.9)2
1980 .036 5)2

647 - 263 .647 - .413 (1072.

1

Not used in calculating mean.

ZCalcuTated from functional (geometric mean) regression between geometric mean of
adjustad mean catch per tow and year-class sizes at age 1 for the 1963-76 ysar
classes: Y = 456.900 + 2483.393X, r = (.934. "

Table 13. Parcentage of fishing mortality (F) at agas
1, 2, and 3 compared to the weightad mean F
at ages 3 and older (ages 4 and older in 1980Q)
for the intsrnational mackersl fishery in MAFQ

SA 2-5.
Year _ Age 1 Age 2 o Age 3
1562 66 14 79
1863 g 22 3
1964 100 &4 29
1965 51 34 37
1966 32 79 82
1967 <1 27 100
1968 20 28 78
1969 3 52 100
1970 42 19 100
1971 23 g4 7}
1972 ] 32 78
1973 41 84 100
1974 15 97 100
1975 57 100 26
1976 7 75 100
1877 30 82 100
1978 L 10 39
1979 <1 ’ 7 77
1980 4 10 17

-33-



Licnar (1975).
21eNAF (1977).
3Anderscn (1577).

4Ander'scn and Qverholtz (1973).
“Anderscn and Qverholtz (1979).

Sanderson (1580).
7Present repgrt.

3Estimate not bDased on ressarch vessel survey indax, but assumeq.equat o]
aither previous yesar class, poorast year class observed, or median of
recent year classes.
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Table 14. Age composition (thousands of fish at age) of the Canadian mackerel catch in NAFO SA 2-6 during 1968-80.
' ] _ __Age o .
Year 0 1. 2 3 4 5 6 / g 9 10 11+ Total Tons of total
19268 - 22,991 3,821 5,522 3,947 1,505 720 385 885 5,566 52 - 45,394 11,134 12.6
1969 - 4,049 18,751 12,845 1,442 661 608 782 313 329 6,869 - 46,649 13,257 9.2
1970 .- 15,165 2,733 25,117 6,018 1,867 337 318 1,180 1,230 871 2,371 57,207 15,710 6.4
1971 922 4,365 4,507 1,038 21,917 4,648 1,069 1,344 931 1,146 605 2,760 45,252 14,942 3.8
1972 - - 99 3,199 4,028 18,046 3,616 3,815 56 397 2 4,965 38,223 16,254 3.8
1973 254 5,139 11,550 5,404 5,227 7,825 12,485 4,658 1,552 469 375 523 55,461 21,619 5.0
1974 - 3,223 9,103 9,987 - 5,461 4,710 4,644 5,751 1,516 641 315 339 45,690 16,701 4.8
1975 - 5,306 9,302 4,874 4,346 2,634 2,811 2,038 1,463 308 121 96 33,299 13,544 4.5
1976 - 803 10,082 12,910 5,230 3,686 1,842 2,344 1,894 1,487 340 215 40,833 15,746 6.4
1977 - 647 6,243 19,742 9,902 3,222 2,248 708 1,262 785 1,204 302 46,265 20,362 26.0
1978 - 2 182 3,831 14,733 11,575 6,358 3,157 1,649 1,402 1,098 1,399 45,386 25,429 73.8
1979 - 204 480 1,189 6,617 17,206 12,324 5,591 2,283 1,702 753 1,698 50,053 30,244 84.0
1980 - 19 5,316 709 850 6,328 12,476 4,284 1,773 . 754 662 1,929 35,100 22,136 75.6
Table 15. Percentage of fishing mortality (F) at
ages 1, 2, and 3 compared to the weighted
mean F at ages 3 and alder (ages ¢ and
older in 1980) for the Canadian mackerel
fishery in NAFO SA 2-6 during 1968-80.
Year Age 1 Age 2 Age 3
1968 21 14 50
1969 20 40 80
1970 63 13 88
1971 38 25 13
1972 Q 1 22
1973 31 85 69
1974 13 81 100
1975 23 69 100
1976 8 38 100
1977 50 73 100
1978 <1 12 45
1979 <1 8 32
1980 <1 & 14
Table 16. Sizes of the 1573-31 year classes (millions of fish) at
age 1 estimatad in past (sinca the stock was assessed as
a unit throughout its range) and present assessments.
Values in parentheses were based on rasearch vessal
survey indicas or other information; values not in
parentheses were detarmined by virtual population
analysis.
, Assessment_ye§r — » _
Year class 19751 19762 19775 1g78*  197¢°  1980° 1981 fwerage
1973 (3700) 1786 1981 1870 1885 2394 2113 {3700)
1974 (2500) . (2150) (2360)  (2300) 1551 2124 2376 (2323)
1975 (2500)8 ( 750) ( 810) ( 800) ( s0Q) 317 484 (109@)
1976 - (1500) ( 415)_ ( 700) { s800) ( 350) 52 ( Zla)
1977 - - { 1598 (700), ( 700) ( 900) ( 200)  ( 583)
1978 . - - (70008 (2490), (2000)  (2300)  {1850)
1979 - - - - ( 600)° ( 650), ( 400) ( 550)
1580 - - - - - (30008 (1100), ( 700)
1981 - - - - - - ( 400) ( 400)



Table 17. Summary of parametars used in the projection of catch and

stock size options for mackerel in NAFO SA 2-6.

Parameter Value
Fishing mortality (F) in 1980 (ages 4 and older) .070
Recruitment at age 1: 1577 year class 200 x 10% fish

1978 year class 2300 x 105 fish
1979 year class 400 x 105 fjsh
1980 year class 1100 x 105 fish
1981 year class 400 x 107 fish
Partial recruitment in 1981-82: Age 1 10%
Age 2 25%
Age 3 60%
Ages 4 and older 100%
Total stock bicmass at beginning of 1981 780,200 tons
Spawning stock biomass at beginning of 1981 843,40

0 tons

Table 18, Various levels of projected catch of mackeral in NAFQ SA 2-8
in 1981 and associatad fishing mortality (F) at ages 4 and older
with resulting spawning stock bicmass in 13982 and its percantage
change from 1981. Catch and stock ars exprassad as thousands

of tons.
Stock in Catch in F in Stock in % change in stock
1881 . 1981 1881 1982 .. from 1981 ...
648.4 30.0 .0621 659.1 1.7
648.4 33.¢9 .070 §55.6 +1.1
648.4 40.0 .083 630.2 +0.3
643.4 42.0 .087 648.4 0.0
648.4 50.0 .105 641.2 -1.1
648.4 60.0 .126 832.3 2.5
648.4 70.0 .149 623.4 =3.9
648.4 80.0 171 614.5 -5.2
648.4 90.0 .194 805.6 -6.6
648.4 100.0 .218 596.7 -8.0
648.4 172.2 .4002 532.8 8

-17.

i aval of 7 in 1980.

2
o1
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Table 19. Projected mackerel catch in NAFO SA 2-6 in 1982, with fishing mortality (F) ranging from 0.05 to 0.50
and based on different levels of catch in 1981, and the resulting spawning stock biomass in 1983 and
its percentage change from 1981 and 1982. Catch and stock are expressed as thousands of tons.

Fishing Catch Stock % change % change Catch - Stock % change % change Catch Stock % change 7% change
mortality in in in stock in stock in in in stock in stock in in in stock in stock
(F) 1982 1983 from from 1982 1983 from from 1982 1983 from from

1981 1982 1981 1982 1981 1982
1981 catch = 30.0 1981 catch = 40.0 1981 catch = 50.0
0.05 28.5 666.9 +2.9 +1.2 28.1 . 659.6 +1.7 +1.4 27.7 652.2 1+0.6 +1.7
0.10 56.9 642.3 -0.9 -2.5 55.1 635.3 -2.0 -2.3 54.3 628.3 -3.1 -2.0
0.15 82.0 618.8 -4.6 -6.1 80.9 612.2 -5.6 -5.8 79.7 605.5 -6.6 -5.6
0.20 107.1 596.4 -8.0 -9.5 105.6 590.0 . -9.0 -9.3 104.1 583.7 -10.0 -9.0
0.25 131.1  574.9 -11.3 -12.8 129.3 568.9 -12.3 -12.5 127.4 562.8 -13.2 -12.2
0.30 154.1 554.4 -14.5 -15.9 152.0 548.6 -15.4 -15.6 149.8 542.8 -16.3 ~-15.3
0.35 176.2 534.8 -17.5 -18.9 173.7 529.3 -18.4 -18.6 171.3 523.8 -19.2 -18.3
0.401 197.3 516.0 -20.4 -21.7 194.6 510.8 -21.2 -21.4 191.8 505.5 -22.0 -21.2
0.45 217.6 A498.1 -23.2 -24.4 214.6 493.1 -24.0 -24.2 211.5 487.6 -24.8 -24.0
0.50 237.0 480.9 -25.8 -27.0 233.7 476.1 -26.6 -26.8 230.4 471.0 -27.4 -26.5
1981 catch = 60.0 1981 catch = 70.0 1981 catch = 80.0
0.05 27.3 644.3 -0.6 +1.9 26.9 637.0 -1.8 +2.2 26.5 630.3 -2.8 +2.6
0.10 53.5 620.8 -4.3 -1.8 52.7 613.8 -5.3 -1.5 51.9 607.4 -6.3 -1.2
0.15 78.6 598.3 -7.7 -5.4 77.4 §92.2 -8.7 -5.0 76.3 585.5 -9.7 -4.7
0.20 102.6 576.8 -11.0 -8.8 101.1 571.0 -11.9 -8.4 99.6 564.6 -12.9 -8.1
0.25 125.6  556.3 -14.2 -12.0 123.8 550.7 -15.1 -11.7 121.9 544.6 -16.0 -11.4
0.30 147.7 536.6 -17.2 -15.1 145.5 531.3 -18.1 -14.8 143.4 525.5 -19.0 -14.5
0.35 168.8 517.8 -20.1 -18.1 166.4 512.7 -20.9 -17.8 163.9 507.2 -21.8 -17.5
0.401 189.1 499.8 -22.9 -21.0 186.3 495.0 -23.7 -20.6 183.6 489.7 -24.5 -20.3
0.45 208.5 482.6 -25.6 -23.7 205.5 478.0 -26.3 -23.3 202.5 473.0 -27.1 -23.0
0.50 227.1  466.2 -28.1 -26.3 223.9 461.8 -28.8 -25.9 220.6 457.0 -29.5 -25.6
1981 catch = 90.0 1981 catch = 100.0
0.05 26.1  623.0 -3.9 +2.9 25.7 615.7 -5.0 +3.2
0.10 51.2 600.4 -7.4 -0.9 50.4 593.5 -8.5 -0.5
0.15 75.1 578.9 -10.7 -4.4 74.0 572.2 -11.8 -4.1
0.20 98.1 558.3 -13.9 -7.8 96.6 551.9 -14.9 -7.5
0.25 120.1 538.6 -16.9 -11.1 118.3 532.5 -17.9 -10.8
0.30 141.2  519.7 -19.8 -14.2 139.1 514.0 -20.7 -13.9
0.351 161.5 501.7 -22.6 -17.2 159.0 496.2 -23.5 -16.8
0.40 180.9 484.5 -25.3 -20.0 178.1 479.2 -26.1 -19.7
0.45 199.5 468.0 -27.8 -22.7 196.4 462.9 -28.6 -22.4
0.50 217.3 452.2 -30.3 -25.3 214.0 447 .4 -31.0 -25.0
Ir
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Figure 3. Mean catch per tow (kg, retransformed) of mackerel from NMFS, NEFC
spring (1968-81) and autumn (1963-80) bottom trawl surveys in NAFO
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Figure 4. Catch per standardized day fished for (1) all ages (total) and (2)
fully-recruited ages in the US commercial mackerel fishery in NAFO
SA 3-6.

-38-



Figure 5.

Figure

Q49 q-

Q3 b=
z
a L
44
Q
=
£ o2t
=
0
- 77

r 700 %
69
0%:7 K Vs
-®
_ 0.606
AL Fop = 0000 Y = 0.00671X
6614y oo r = 0.894
@
[¢2)
0 ! § | L { { i L L

o] 100 200 300 400 500 600 OO 800 300
FISHING CFFORT (1()1 EQUIVALENT US STD DAYS)

Relationship between mean fishing mortality at fully-recruited ages
of mackerel from VPA assuming F = 0.070 at ages 4 and older in 1980
and fishing effort directed towards fully-recruited ages expressed

as equivalent US standardized days fished.
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Relationship between mackerel year-class size at age 1 from VPA
assuming F = 0.070 at ages 4 and older in 1980 and catch-per-tow
recruitment index from NMFS, NEFC autumn and spring bottom trawl
surveys in NAFO SA 4-6.
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Figure 7. Total mackerel stock biomass (ages 1 and older) and spawning stock
biomass (50% age 2 and 100% ages 3 and older) during 1962-81 esti-
mated from VPA assuming F = 0.070 at ages 4 and older in 1980 and
total international catch in NAFO SA 2-6 during 1962-80.
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Figure 3. Mackerel spawning stock size (50% age 2 and 100% ages 3 and older)

in numbers and recruiting year classes at age 1 during 1562-381
estimated from VPA assuming F = 0,070 at ages 4 and older in 1980.
Open circles represent year-class estimates based on survey index.
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