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Introduction

Atlantic mackerel (Scomber scombrus) are seasonal migrants to Newfoundland waters, appearing
in abundance in July and disappearing again in Qctober and November. Although they have been reported
from as far north as Black Island, Labrador (53°46'N) {Parsons, 1970} mackerel are a warm-water
species and as such its spatial availability and abundance in Newfoundland waters have fluctuated in
response to conducive environmental conditions (Templeman, 1966). The earliest landing records
available indicate that during the late 1800's there were two short periods of minor abundance:
1870-72 and 1879-80 (Templeman, 1966). After 1880 mackerel virtually disappeared from Newfoundland
waters and did not reappear in abundance until the mid-1940's during a period of climatic warming.
Landings drepped off considerably during the late 1950's probably due to the effects of a major fungus
disease which killed large guantities of herring and mackerel in the southern Gulf of St. Lawrence
{Tibbo and Graham, 1963). In receni years (Table 1) mackerel have again appeared in abundance in
Hewfoundland waters with landings increasing from just over 300 m. tons in 1969 to nearly 1600 m, tons
in 1972. As has been the historical case, the bulk of the Tandings have been taken from coastal waters
in ICNAF subdivisions 3K and 3L.

Thare is a paucity of information on the population characteristics of mackerel in
Newfoundland waters. Most of the available information is related to distribution limits {Leim and
Scott, 1966; Parsons, 1970) or the pccurrence of mackerel eggs, larvae and juveniles (Dannevig, 1918;
Sette, 1943; Parsons and Hodder, 1970). Tagging studies (Parsons and Moores, M5 1973} together with
the pattern of landings (Anderson, MS 1973) indicate that the rapid expansion in mackerel landings in
ICNAF subareas 5 and 6 is at least based partially on the northern contingent of mackerel. With this
perspective in mind and in view of the inadequate or conflicting data on various parameters of mackerel
population dynamic¢s, this paper presents some pretiminary analysis of new information on the biological
characteristics of mackere? in the Newfoundland area during 1970-73.

Methpds and Materials

Random sampTes of mackerel were obtained directly from inshore fishermen or from processin
plants and were examined fresh or after being frozen for a period of several weeks. The samples use
in the following analyses were taken from catches made with random gears; purse seine, Scottish ring pet,
mackerel traps and copd traps with a smallemeshed Tiner. Samples were processed for total length, whole
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weight, sex, maturity, gonad weight, degree of stomach fullness and otoliths were removed for
subsequent age determination.

Total lengths were measured to the nearest millimeter from the tip of the lower jaw to the
end of the longest caudal lobe directed posteriorly in line with the body. Whole weight and gonad
weight were determined to the nearest gram. No siugnificant difference was found between the Jengths
and weights of fish sampled fresh and those sampled after freezing and thawing, therefore no
adjustment was made to length data obtained from thawed samples.

The stage of maturity was determined by gross examination of the ponads. Numerical values
for each stage were designated according to the maturity scale adopted by ICNAF (ICNAF, 1964) for
herring. The degree of stomach fullness was estimated on a five point scale: 0 = empty, 1 = % full,
2 =% full, 3= ¢ full and 4 = full.

Ages were determined from annuli patterns in otoliths which were placed whole into
depressions in a black plexiglass tray according to the method of Watson (1965). Readings were made
with the otolith immersed in 95% ethanol and with reflected light, Otoliths were read independently
by two experienced age readers with disagreements being resolved by a third reader or by mutual
agreement.

Ages were assigned by counting the number of completed summer {opague) zones. An arbitrary
birth date of January 1 was assigned to mackerel and ages were transformed into age groups. Thus fish
having an otolith with one completed summer zone and caught before January 1 were assigned to the 0
age group while fish caught after January 1 with one complete summer zone were assigned to age group 1.
A1l fish older than age 10 were classed as 11+ years of age,

Results

Length and age composition

Length and age composition data from commercial catches of mackere) by non-selective gears
in Newfoundland waters (Fig. 1)} indicates that the 1967 year~class has dominated the catches from 1971
onwards and contributed very significantly to the catches in 1970. The percentage contribution of this
year-class peaked at about 63% in 1972 and fell to 33% in 1973, The 1966 year-class which was dominant
at 39% in 1970 fell to 22% in 1971 and to less than 11% in 1973. The 1968-70 year~classes appear to be
fairly weak, each year-class contributing less than 122 to the catches in 1973. The 1871 year-class
comprised 16% of the samples in 1973 as 2-year-olds and would appear to be somewhat stronger than most
recent year-classes. The peaks in the length frequency curves (Fig. 1) reflect the size composition of
the dominant year-classes with total lengths ranging from 28 cm to 47 cm. Q1d fish (> 8 years old)
have not formed a significant percentage of the fish examined and by 1970 the 1959 year-class, reported
by MacKay (MS 1967, MS 1973) as being very strong, had all but disappeared from the catches.

Maturity composition

Analysis of maturity composition data (Table 2) indicates that during the period 1970-73
there was a consistent appearance of mackerel in spawning condition (stages 4-6) in the samples from
the Newfoundland fishery. Most of the mackerel examined in June were in spawning condition whereas
the percentage of ripe fish in July fluctuated from 89% in 1972 to just over 18% in 1973 and nil during
1971. With the exception of 1972 (an unusually cold year), fish in spawning condition were not present
in the samples after July during which time spent and recovering spent fish dominated the catches.

Most of the ripening mackerel were from samples obtained from southeastern Newfoundland (ICNAF sub-
division 3Ps) and Conception Bay (3L). Farther north along the east coast of Newfoundland and
particularly in Labrador, mackerel tended to appear later in the summer {usually Tate July-early
August) and were mainly comprised of spent and recovering fish, Immature fish were not present in
the catches in June but tended to increase in percentage contribution from July to August, This
pattern is similar to that reported by MacKay (MS 1973) for mackerel in the Nova Scotia area.

Comparison of age compositions and wean ages of ripe and spent mackerel caught in south-
eastern NewfoundTand during 1970-73 (Table 3} indicates that in general the older {and hence Targer)
fish spawn first. A similar pattern was observed in the southern Gulf of St. Lawrence (4T) mackerel
populations (MacKay, MS 1967).

Growth

Average lengths-at-age of mackere] sampled in Newfoundland coastal waters during June-duly
and August for the years 1970-73 are shown in Table 4. There is a slight decrease in mean length-at-age
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from the June-July period to August both by year-class and by age. This reflects the general trend of
larger and older fish spawning first (Table 3) and also the influx of immature fish in July and August
(Table 2). Comparison of the size of the various year-cTasses at each age suggests that the dominant
1967 year-class is neither consistently larger nor smaller than adjacent year-classes. These data do
not therefore support the inverse relationship between growth rate and year-class size reported by
MacKay (MS 1973) for the 1959 and 1967 year-classes of mackerel in the southern Gulf of St. Lawrence.

The growth curve of mackerel in the Newfoundland area was analyzed by the von Bertalanffy
(1938) growth equation according to the method of Allen (1966). Since all of the lengths were obtained
during the June-August period, July was taken as the midpoint of the time interval and ages were
defined as fractions of a year, e.g. age 2.6, 3.6, etc. Initially only the data shown in Table 4 were
incorporated into the analyses but these produced growth parameters {L, = 452 m, K = 0.22, tg = -3.31)
which, although providing a fairly good fit to the observed points, resulted in unreasonably "large L,
values. To overcome this, length data of 100 O-group mackerel caught in Bonne Bay, western Newfoundland
{4R) on November 26, 1972, were incorporated into the analyses. The resuiting von Bertalanffy growth
curve 1s shown in Fig. 2. As can be seen, Jinear values calculated by the fitted curve agree well with
the observed points,

A comparison of growth data of mackerel from various areas is provided in Table 5. Allocation
of growth data to specific areas in subareas 5 and 6 was not possible because of the lack of
information on sampling details in the original sources. Where lengths have not been defined {Isakov,
MS 1973; ICNAF Redbook, Part 1, p. 94) it has been assumed that they refer to fork lengths and
consequently they have been converted to total Tengths using the appropriate conversion factor
{Anderson, MS 1973). It would appear from Table 5 that the mackerel sampled in subareas 5 and 6
during the winter period have a growth rate very similar to_the mackerel population sampled during the
summer months in the Newfoundland area. This is not entirely unexpected as it is known from tagging
studies (Parsons and Moores, MS 1973) that mackerel from Newfoundland migrate at least as far south as
Long Island (subarea 6A} to overwinter. North Sea mackerel are smaller than their counterparts from
the Northwest Atlantic and have different growth parameters (Postuma, 1972).

Analyses of length-weight data (Fig. 3) indicates that weight increases with length at a rate
slightly faster than expected from the Cube law. The recovery in body condition after spawning is
indicated by the greater weight-at-length of mackerel sampled in September relative to the June-July
period.

Average weight-at-age

Average age-at-weight data for the periods June-July and September were compared for the
years 1970-73 (Fig. 8). In general there was a decline in the average weight at age from June-duly to
September. The only age group showing a significant increase over the summer period was age group 2.
This group is composed primarily of immature fish which are still in the rapid growth phase of the
growth curve. Declining average weight values of the older age group may be attributable in part to
the release of sexual products. This loss of body weight s not completely regained during the
summer feeding period and is reflected in the reduced growth rate shown by mature fish.

Age and length at maturity

Analyses of maturity stage data indicates that mackere) caught in the Newfoundland area
mature between ages 2 and 4 (Table 7). Females tend to mature at a slightly faster rate than males
but both sexes contain only a few immature individuals at age 4 and are 100% mature at age 5.
Although no age 1 fish were present in the samples used in these analyses, a few have been caught by
small-meshed gillnets and these have been all immature. MacKay (MS 1967) also states that the onset
of maturity occurs at age 2.

The smallest mature fish in catches of mackerel in the Newfoundland area was 32 cm and the
largest immature fish was 37 cm (Fig. 4). The 50% maturity point occurred at 339 mm in the females and
347 mm in the males with the average maturity length being 343 mm. Since this mean length is based on
fish sampled in June-September, the mean length or maturity at the beginning of the year {January) 1is
probably in the range 30-31 cm. A similar conclusion was reached by MacKay {MS 1967).

Sex _ratio

During the period 1970-73 there has been a significant fluctuation in the sex ratio of
mackerel in the Newfoundland area (Table-6), In mature fish females tend to predominate whereas in
the immature stages males have predominated. This however may be biased by the small sample sizes of
immatures. In 1973 when ninety immatures were sampled the sex ratio was close to 1:1. For both
matures and immatures combined the ratio of males to females for the years sampled was 1:00:1.25.
MacKay {MS 1967) also found the sex ratio to be in favour of the females but only slightly so with a
ratio of 1 male to 1.06 females. Steven (1952} found a similar pattern in mackerel from the English
Channel and Celtic Sea.
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The more rapid maturation rate of female mackerel relative to males, particularly in the
younger age-group undoubtedly accounts for the predominance of females in mature fish. If one assumes
that mortality is not sex specific then the convergence of the maturity curves of males and females
with age implies that the proportion of males in the mature fish will increase steadily to age 5 when
100% maturity i5 reached for both sexes. If the stock is dominated by a strong year-class such as the
1967 year-class then the sex ratio of the stock as a whole will reflect this pattern. This therefore
explains the declining predominance of mature females from 1970-72 as the 1967 year-class became fully
mature at age 5 in 1972. In 1973 the relatively strong 1971 year-class as age 2 contained a relatively
higher proportion of mature females than males and hence the sex ratio of mature fish again was in
favour of females.

Feeding habits

In the course of normal sampling the degree of stomach fullness was estimated and stomach
samples were also preserved for more deta?Ted examination. An analysis of the degree of stomach
fullness (Fig. 5) shows that the majority of mackerel sampled had 1ittle or no food in their stomachs.
The most extensive feeding occurred during the month of July when only 36% of the stomachs examined
were empty and 16% were full. October shows the least feeding occurring as 95% of the stomachs
examined were empty. June and August show feeding to a 1imited degree with June having 73% empty and
7% full stomachs while August has 77% empty and 1% full,

A 1imited number of stomachs were examined in greater detail. From these stomachs it would
appear that mackerel are mainly planktonic feeders consuming primarily euphasiids and copepods. The
presence of these crustaceans in stomachs has been termed as red feed and along with warm temperatures
has been blamed for the rapid deterioration of mackerel caught in the summer months. It has been
observed that mackerel caught in September and October, when water temperatures are colder and feeding
is reduced, remain firm and stay in good condition much longer than in summer.

As well as crustaceans mackere] have been found to eat other pelagic creatures. Several
samples showed heavy feeding on capelin (Mallotus villosus) during July when capelin are plentiful in
inshore Newfoundland waters as they approach the beaches to spawn and thus are readily available to
the mackerel. Also two samples taken in northern Newfoundland showed the mackerel to be feeding
exclusively on bottle-assed squid {Rossia sp.}. It would appear that although primarily plankton
feeders mackerel are opportunistic feeders and will prey on larger organisms when they are available,

Discussions and Conclusions

The existence of two major spawning populations of mackerel, one in the bight between New
Jersey and Long Island and the other in the southern Gulf of St. Lawrence (4T), together with the
availability of an abundant mackerel resource in both the southern {Gulf of Maine) and northern
{subareas 3 and 4) areas during the summer period provide suibstantial proof of Sette's (1950)
hypotheses of mackerel stock divisions in the Northwest Atlantic. That being so and in view of the
possible mixing of the two spawning contingents in subareas 5 and 6 during the over-wintering period
(Sette, 1950) the critical question to be resolved before an accurate stock size estimate can be
arrived at is the magnitude of the relative contribution of each component to the catches.

The southern and northern populations of mackerel have been analyzed for differences in
meristics and enzyme characteristics (Sette, 1950; MacKay, MS 7967) but without success. There are,
however, two features of the 1ife history of the particular spawning contingents which should produce
observable differences. The first is that the southern contingent of mackerel spawns from mid-April to
mid-May (Bigelow and Schroeder, 1953) whereas the Gulf of St. Lawrence spawning usually occurs from mid-
June to mid-July, a difference of 1-2 months. In view of the rapid growth of mackerel during their
first year the southern mackerel should be about 50-60 mm in length by the time the northern population
begins to spawn. A comparison of the length-at-age data of mackerel caught in the Newfoundland area
with those sampled from the commercial fishery in subareas § and 6 has not revealed any such
differences in growth rate. The second aspect of the population biology of Northwest Atlantic mackerel
is that the two major spawning areas are widely separated in space and undoubtediy nave different
environmental conditiocns. One would not reasonably expect therefore that year-class success would be
the same in both areas except by stockastic occurrences, i.e. the age structure of the two components
should be different. In fact, however, age composition data of mackerel sampied in subareas 5 and 6
{Anderson, MS 1973; Paciorkowski et al, MS 1973§ are essentially the same as those presented in this
paper for mackerel sampled in NewToundland waters and those presented by Stobo and Hunt (1974) for 4T
mackerel, One can only conclude from these analyses, therefore, that essentially the same population
of mackerel, i.e. northern spawning population was sampled in both subareas3 and 4 and subareas 5 and 6.
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The above conclusion may be explained by several hypotheses: {1) sampling data reported for
subareas 5 and 6 have not been representative of the commercial catches in those areas but rather have
been disproportionately weighted by samples from the northern contingent: (2) there is a complete
mixing and interchange of mackerel between the major spawning areas in 4T and subarea 6, i.e. fish
forming part of the northern contingent in one year may forsake that contingent and join the southern
contingent in other years; (3} the commercial fishery in subareas 5 and 6 is based mainly on the
northern mackerel contingent.

The first hypothesis cannot be properly evaluated here because of the lack of details on
sampling operations and methods in subareas 5 and 6. One would not expect, however, that the
southern population of mackerel would be consistently under-represented in the samples. In addition
there is very good agreement between the age-composition data reported by both Poland and the USSR
(Anderson, MS 1973) for the same subdivision.

Insofar as the second hypothesis is concerned the main bases for Sette's (1950) original
hypothesis of mackerel stock division in the Northwest Atlantic was indeed differences in length and
year-class composition of samples collected during the spring-summer period in the New England area
and along the Canadian coast. Also as a general rule one would expect that the principle of stock
identity and perpetration would be best assured by the recruitment of the progeny from the parent
stock rather than that from another stock with different biological and genetic characteristics.

There is some evidence from historical tagging experiments however which suggests some mixture of
spawning groups may occur. Five mackerel tagged in southwest Nova Scotfa in June 1927 and 1928 were
recaptured in June of the following year in the Cape Cod area. Sette (1950) examined several of these
fish all of which showed severe damage to the caudal peduncie, around which the tag was carried and
some of the fish were in an emaciated condition. From such observation Sette concluded that these
fish, being severely weakened by the tag attachment had lagged behind their more vigorous untagged
companions and did not represent a general joining of the southern contingent by members of the
northern contingent. This is supported by the fact that other recaptures of Canadian-tagged fish were
taken at times and places appropriate for the northern contingent to have been passing through New
England waters. In addition, with the exception of a single tag from Canadian waters, all recaptures
of tagged mackerel released in the New England area during the summer period were recaptured in United
States waters. The single exception was from a release of mixed fish containing both northern and
southern mackerel (Sette, 7950).

In addition to the similarities in growth and year-class composition noted above, there is
other evidence both factual and circumstantial which support the hypotheses that the northern
population contributes to the bulk of the catches in subareas 5 and 6, implying as a corollary that
the southern contingent is either small or is not being significantly exploited by current fisheries.
Tagging data, both recent and historical, proyide direct evidence of regular migrations of the northern
population of mackerel to over-wintering areas off New England. During the period 1925-28 nearly 8000
mackerel were tagged during the summer period (mainly June) along southwest Nova Scotia (Sette, 1950).
In addition to recaptures from Canadian waters substantial numbers (35) of the tags were recaptured
during the fall-spring period from United States waters, mainly in the Cape Cod-New Jersey area
(subdivision 5Zw, 6A). The general pattern of mackere? migration suggested by these historical tagging
experiments was of a southward movement of northern mackerel along the Nova Scotia coast through the
Gulf of Maine in the fall to over-wintering areas off the New England coast with a subsequent return
migration the following spring to area as far north as the Gulf of St. Lawrence (4T). Sette (1950)
considered these experiments also to confirm the lass extensive migration of the southern mackerel
population from the Offing of Virginia (6B) to the Gulf of Maine but not farther and of the migration of
a small portion of the northern contingent from southern New England into the northern portion of the
Gulf of Maine during early summer.

Recent tagging experiments corroborate the findings of those conducted during the late 1920's.
Parsons and Moores ?1973) report the recapture in ICNAF subdivision 6A of a single mackerel from a small
number (1450) of releases in northeast Newfoundland (3K). The St. John's Biological Station conducted
another tagging experiment during September 1973 in Trinity Bay, Newfoundland, where 5000 tagged
mackerel were released. To date two tong-distance returns have been reported from catches of Polish
trawlers fishing in the Hudson Canyon {6A) area in January 1974. During the same period and in_ the
same locality tﬁe Polish fleet also recaptured two mackerel tagged by the St. Andrews Biological

Station in southwest Nova Scotia during the fall of 1973 (Stobo, personal communication). Thus it
would appear that mackerel from as far north as subdivision 3K mix with those from subarea 4 in a
common over-wintering area off the New England coast.

The existence of a southern over-wintering area for mackere] is indeed to be expected from
the temperature requirements of the species. Sette (1950) reports observational evidence which
suggest that mackerel prefer temperatures above 8°C although temperature down to 7°C are frequently
tolerated; it is only rarely found in temperatures as Tow as 4 or 5°C. Using these guidelines the
suitability of the Scotian Shelf as a major over-wintering area can be evaluated. The hydrography of
the Scotian Shelf has been described by Hachey (1953) and Mclellan (1954). The Cape Breton Current
passing out of the Gulf of St. Lawrence generally floods the eastern portion of the Shelf but on
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proceeding southward s confined to an inshore bend mainly due to the Shoal banks situated on the outer
part of the Shelf. In the westward portion in the region of the Scotian Gulf, the waters are strongl
influenced by incursions of offshore waters which pass in over the Shelf through the Scotian Gulf. T{e
submarine physiography of the Scotian Shelf is such however that the major effects of such incursions
are confined to the Scotian Gul1f area. In the Banquereau area winter temperatures range from less than
1°C at the surface to 5°C at bottom (150-200 m) (McCracken, 1965). On Sable Island Bank temperatures
ranged from less than 2°C at the surface to about 4°C on bottom (75 m). On the coastal slope
temperatures increased to 5.5°C at 100-150 m. On the oceanic side of Sable Island Bank water temperatures
are somewhat higher depending on the influence of the Gulf stream. In the Scotian Gulf area bottom
temperatures during the winter months may exceed temperatures of 8°C at bottom depths of 150 m or
deeper. On Emerald Bank bottom temperatures are generally less than 8°C except on the oceanic side
where slope water may increase temperature above 8°C at depths of 150 m and greater. Shoreward of the
bank areas on the Scotian Shelf bottom temperatures decrease to about 2°C depending upon depth
(McLellan, 1954). In summary therefore it appears that winter temperature conditions on the Scotian
Shelf, with the exception of the Scotian Gulf where bottom temperatures are in the lower range of
preferred temperature, are not very favourable for over-wintering concentrations of mackerel. This
does not, however, exclude the possibility of over-wintering schools of mackerel in slope water on

the oceanic side of the Scotian Shelf. Nevertheless mackerel catches on the Scotian Shelf during the
December-April period have been extremely Jow despite the fact the area is traversed frequently by
vessels with suitable gear.

The pattern of mackere]l landings in subareas 5 and 6 also coincides with the general
migration pattern of northern mackerel suggested by tag recaptures (Table 9}. Landings in subarea 5
increase substantially in November and December when tag returns indicate that the northern mackerel
population is moving southwards through subarea 5. Landings decrease in subarea 5 during January and
February, but begin to increase again in March and peak in May after which there is a substantial
decline. Landings in subarea 6 show a substantial increase in December and generally increase to a
peak in March followed by an abrupt decline to less than 5000 tons from June to December. On a
percentage basis landings of mackere! which come almost exclusively from subarea 5 during the summer
months begin to increase from subarea 6 in November and dominate the total landings from January to
April after which subarea 5 landings predominate. These landing patterns suggest a north-south
movement through subarea 5 to subarea 6 during the fall period with a subsequent return to subarea 5
in April and May. Mackerel Jandings in the particular subdivisions of subareas 5 and 6 also exhibit
the same monthly pattern. Monthly landing data for subareas 3 and 4 (ICNAF WOrkin% Paper No. 8, 1974
Mid-term Meeting) indicate a reverse pattern with landings being close to nil for the ecember-April
period, increasing to a peak in the July-August period and subsequently declining. Thus the subarea
tanding patterns suggest a general southward movement of mackerel from subareas 3 and 4 through
subarea 5 in late fall to over-wintering areas in subarea 6 during the January-March period after
which the northward migration to the northern subareas begins.

Evidence is also available which suggest that the northern population of mackerel, having as
its major spawning area the southern Gulf of St. Lawrence could support the large catches in subareas
5 and 6. MacKay (MS 1973) on the basis of egg estimates, calculated the stock size of spawning mackerel
in 4T to range from 900,000 to 1,800,000 m. tons in 1968. The lower 1imit of these estimates is close
to the range of population sizes estimated by the Mackerel Working Group (Summ. Doc. 74/8) of mackerel
in subareas 5 and 6 during the same year.

In conclusion the evidence presented above suggests that the hypothesis of a large dominant
northern population of mackerel is the most plausible one to explain the similarities in biological
characteristics between mackerel sampled in subareas 3 and 4 in summer and subareas 5 and 6 in winter.
Until such new information is forthcoming to indicate otherwise, the authors consider this hypothesis
should be a basic assumption in all stock size estimates made by the Mackerel Norkin% Group., This
implies a single mackerel assessment incorporating catch data from subareas 3 to Statistical Area 6.
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Table 2. Maturity composition by month of mackerel caught in the Nfld. area from 1970-73.

% at each maturity stage

Stages 7-B
Stages 1-2 Stage 3 Stages 4-6 {recovering Number examined
Year _ Month {imm) (maturing)  (ripening) spent)
1970 June
July 1.5 10.5 68.0 20.0 200
Aug 20.0 5.7 74.3 35
Sept 19.4 B0.6 62
1871 June 0.6 8.4 80.1 10.9 n
July 12.2 4.9 82.9 123
Aug 4.0 96.0 99
Sept
1972 June 6.0 94.0 50
July 3.0 89.0 8.0 100
Aug 3.0 3.0 94.0 100
Sept 2.6 97.4 189
1973 June
July 10.8 27.0 18.2 44.0 148
Aug 22.0 4.0 74.0 50
Sept 22.3 77.7 300

Table 3. Age composition of ripe and spent mackerel caught in the Nfld. area during June-July

1970-73.
Matur ty % at age “Number _ WMean
condition 1 2 3 4 5 6 [ 9 10 10+ Examined Age
Ripe 0.5 8.7 46.8 23.7 13.1 3.6 1.5 1.0 0.8 6.3 389 4.69
Spent 1.6 35.2 17.2 29.5 7.4 6.6 0.8 0.8 0.8 122 5.37

cu



-N

{(€)eey (Lo'ze (e)owy  (v)o"2v (21)6°6c  (9v)i'6e  (¥L)0'8e  (26)5°9€ (O¥)L"vE (2L)p"2Ee - Ppaulquod sdeay
- - - (Lo'ey (s)oree  (LUz'6€  (p)e'se  (9)£°'96  (9)0°se  (L1)E*2E - £L61
- - (oer  (Loor (s)v-ov  (s2)v'6c (0S)e'8e (vL)6Le  (v)8'9€ - - 261
{2)o'ep (Lyoc2y  (els'vp  (L)o"2y  (2)o"iv (t)eer  (9t)L-ze  (99)29e  (9)z'9¢ - - L6l
()0 - - (L)o"ev - - (v}ocze  (9)19e  (we)6'ee  (L)oee - 061
L oL 6 g L 9 S ¥ € 3 L FTEYN
(22) b (6)o'ev (s)o'vy (€2)2'2b (¥p)b' Ly (691)L°0F (B92)9°8€ ([2€)9°98 (¥E)E'GE  (22)9°l€ -~ PauLquod sJesj
(¥)0°5p (L)ocey  (p)ser  (pL)9" L (61)9°0v (8s)e'or (LL)O'6E (8L)9°9¢  (L)o'se (vL)0"2e - €161
(8)9't¥ (2)0°st  (9)e'vv  (¥)s'er (90)6 iw  (oc)z'iv (t£)s'se  (l)p'8e  (Z)o'9e - - 2161
(oL)z-€v (zyoey  ()s'ev  (Ljoey  (9)2 iy (e9)v'6e (ELl)v'8e (8LeL'9e  (s)e'se  (8)o'le - LL6l
- (p)eer  (Vo'se  {(ploey (€)'sy  {(eL)6°0 (££)£°8  (08)6°L8  (BL)¥'SE - - 0z61
L ol 6 g L 9 5 ¥ £ F2 l IE8)

"££-0/61 (4) 1snbBny pue (y) A np-aunp polJad ay} J0j BIJE PUB[PUNDSMBN 3yl WOJLS {adaydew Jo pjep abe-je-yjbus ‘¢ atqe)

(9

(v

c12



-2 -

Table 5. Comparison of growth data of mackerel from various areas.
Newfoundland
Calculated Observed New England New England New England North Sea
{Jan) {Juty) (Fall)? {Jan-Feb)?2 {Jan-Feb, 1970)3 {May 1959-69)"
1 231 221 232 217 20
2 291 318 289 284 272 281
3 333 363 329 34 325 322
4 362 374 353 353 356 345
5 382 389 366 366 38 349
6 397 399 374 374 405 356
7 406 413 402 415 378
8 4113 421 424 378
9 418 438 435
10 421 430
10+ 425 439
1 - Anderson, M5 (1973)
2 - ICNAF Redbook, Part 1, p. 94
3 - Isakov, MS (1973)
4 - Postuma, 1972.
Table 6. Sex ratio of mackerel obtained from commercial gears in Nfld. 1970-73.
Immature Mature Imm + Mat
Year No. examined % Fe Ko. examined % Mat No. examined % Fe
1970 14 28.6 226 7.2 240 68.8
1971 20 20.0 498 60.2 518 58.7
1972 14 0.0 773 50.8 787 49.9
1973 90 48.9 408 55.6 498 54.4
Total 138 37.7 1905 56,7 2043 55.5
Table 7. Percentage mature fish by age of Atlantic mackerel from Nfld. waters, 1970-73.
Females Males Combined
Age No. examined % Mat No. examined % Mat No. examined % Mat
2 51 31.4 4 9.8 92 22.8
3 112 93.8 72 73.6 184 85.9
4 305 96.7 257 91.8 562 94.1
5 356 100.0 305 100.0 661 100.0
6+ 309 100.0 225 100.0 534 100.0
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Fig. 1. Length and age compositions of mackerel caught in Newfoundland coastal waters, 1970-73.
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Fig. 2. Fitted von Bertalanffy growth curve of mackerel from Newfoundland waters,
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Fig. 3. Length-weight curves of mackerel samples during June-July and September.
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Fig. 4. Maturation ogives of male and female mackerel caught in the Newfoundland area.
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